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ACCESSORIES TO 


THE PERFECT WELD 


More and more fabricators—sold on the smooth per- 
formance of M & T’s “SELECT 70"* group of arc welding 
electrodes and the M & T new, up-to-the-minute AC and DC 
arc welders—ore specifying M & T accessories for all-around 
assurance of top-notch welding. 

Accessories such as top quality holders, shields, connectors, 
cleaning tools and protective clothing boost speed, safety 
and savings on all arc welding, whatever the job. 

All the essentia! accessories to the perfect weld are provided 
in the Metal & Thermit line of welding equipment...M & T 
branded—symbol of superior welding! 

Write for catalog! 


*Seventy selected electrodes designed by Metal & Thermit to cover every 
orc welding requirement at peck performance 


METAL 2 THERMIT CORPORATION 


120 Broadway * New York 5, N. ¥, 


FACTS AVAILABLE 
ON “SELECT 


awe literature covering 
mild steel, low alloy and special 
steel, stainless steel, hard surfacing 
and build up and other special elec- 
trodes is available to those requesting 
full information on M & T's 
“SELECT 70"’— seventy electrodes 
designed to cover all are welding re- 
quirements— AC or DC, all-position 
or downhand work welding of mild 
steel, low alloys and stainless steels 
as well as hard surfacing and building 
up of worn parts. 

Literature is brief but compre- 
hensive, covering specifications, 
properties and applications for each 
electrode. Copies available on request 
received on company letterhead. Ad- 
dress Metal and Thermit Corporation, 
120 Broadway, New York 5, N. Y. 


NEW ARC WELDERS BOOST 
AC and DC PERFORMANCE 


po welding, better quality 
welds, lower power costs, and 
Pw -d maintenance are furnished 
by a new line of AC and DC are 
welders introduced by Metal and 
Thermit Corporation 

Built-in capacitors for high power 
factor, wide current range for full 
rated output—and fingertip, stepless 
current control for precise current set- 
ting are featured in the AC units. 
Available in 150 to 500 amp models 
for manual arc welding, additional 
models for inert arc and automatic 
welding. 

Full capacity, rugged duty DC are 
welders are compact, light in weight 
half the size and half the weight of 
older types-— and are equipped with 
simplified current control, automatic 
electrode selector. Furnished in 150 to 
400 amp sets motor driven, engine 
driven or belt-drive. 

Descriptive folder gives full par- 
ticulars. Address Metal and Thermit 
Corporation, 120 Broadway, New 
York 5, N. Y. 
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The NEW A.C. INDUSTRIAL 


Storts faster and is easier to 
operate with Constant Flow 
Current Control. No arc blow. 

High power factor correc- 
tion at no extra cost—low 
power consumption. Built in 
300 and 500 amp. sizes for 
single phrase, 220/449 volt 
power lines. 

Get the facts, then COMPARE. 


HOBART one oF the 
world s largest builders of arc welders’ 


HOBART BROTHERS COMPANY 
Box W4-59, Troy, Ohio 


Ideal for job shops, factory pro- 
duction and maintenance opera- 
tions where high production, 
heavy welding is not required. 


Wide welding range with thirty 
steps of current adjustment from 
25 to 275 amps. Operates on 
single phase, 60 cycles, 220 
volts or 440 volts. Also made in 
smaller size having range of 20 
to 180 amps. For more data 
write HOBART BROS. co., Box 
W4J.59, Troy, Ohio. 


HOBART 


of the world’s largest builders of arc welders’’ 


SPEED UP 


production 
with this 


HOBART electric 
drive arc welder 


For production, maintenance, ond 
general shop work where welding 
with Direct Current is required, 
these portable arc welders are most 
productive and operate ct lowest 
cost. 

Exclusive odvontoges such os 
Multi-Range Duo! Control and Re- 
mote Control! ossure faster, easier 
welding. A.C. Motor drives D.C 
generator. Built in sizes for every 
requirement. Use the coupon or 
write today for more details. 


HOBART BROTHERS COMPANY 


Box W/J-59 Troy, Ohio 
“One of the world's largest 
builders of arc welders" 


HEAVY DUTY 
Gas engine drive D.C. welder 


Requires only the ‘‘push’’ of a starter button and simple adjustment 
of Multi-Range Control to do foster, more perfect welding work on 
every job, large or small, thon you ever thought possible. Built in 
stationary and portable models of 200, 300 and 400 ampere capacity 
with 4, 6 or 8-cylinder engines. It will pay you to investigate today. 


HOBART BROTHERS CO., Box w4-59, 
Troy, Ohio 
Swe: ithe! Sour “One of the world's largest builders 
Road Trailer Speed Trailer of arc welders 
HOBART BROTHERS CO., BOX W4J-59, TROY, OHIO 
| am interested in producing better welding, eosier and foster. 


Tell me more about HOBART ARC WELDERS of ___ — 
ampere capacity for (] A.C. [] 0.C. welding. 


Our work is 


NAME 


FIRM 


| ADDRESS_ 


The New HOBART 
No. 12 ELECTRODE 
is a FAST WORKER! 


The superiority of this all-purpose, non- 
premium electrode has been definitely 
proven in icborotory ond field tests. 
less Clean-up time is required with 
less spatter. Uniform bead in gil posi- 
tions, even with poor fit-up. 

All Standard sizes are made for either 
A.C. or D.C. welding in higher weld- 
ng currents 

Send for samples of Hobart Elec- 
trodes and try ‘em. Made in a complete 
range of types and sizes for any job. 


HOBART BROS. CO., Box WJ-59, Troy, Ohio 


HOBART accessories 
wear better 


Protective clothing, shields, electrode 
holders an@ other items in the com- 
plete line are of highest quality, de- 
signed to increase operator efficiency. 
Send for complete catalog 
HOBART BROS. Co., Box WJ.59 
Troy, Ohio 


ARC WELDING 
plus 
ELECTRIC 
POWER 


for tools, lights Spree 
efc. 

This gos engine driven A.C, 
Welder is actually two machines 
in one. Can be changed to a full 
capacity A.C, Power Piant with the 
flip of a switch. Invaluable in 
event of power failure. Made in 
200 amp. size with 5 KW and 300 
omp. with 8 KW power. Use coupon 
or write. Mebart Brothers Co., 

Box ‘wy.s9, Troy, Ohio. 


Get these 
“How to’ Books on 


PRACTICAL 
DESIGN FOR 
ARC WELDING Uy 


VOLUME |. Has 100 de- 
sign pilotes, symbols 


VOLUME 11. 100 design 


plates pertain mostly 

to piping and tubu- 

lar structure. $3.50 
VOLUME iil. 

whot NOT 

patents, and 

design plates on va- 

$3.50 

HOBART BROS. CO. 
Box wWJ-59, Troy, Ohio 


Complete! 
HOBART 
arc welder 
catalog 


() New Catalog A.C., D.C. Welders 
[} Catalog on Hobart Arc Welding 
Electrodes 
Catalog on Hobart Arc Welding 
Accessories 
Free. Weldor's Vest Pocket Guide 
Money Order Check 
for ‘Practical 
(2) or (3). 
for set of 3 
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Ni-Rod = 


Time and Money 


I worn cast iron cam on this Michle vertical press was 

built up with heads of NI-ROD without dismantling 
the gear box, The welder head wo previous experience 
with metal are welding 


This platen cam casting froma John Thompson press 
had two sections broken off Both were restored bu 
welding with NI-ROD, 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Woll Street, New York 5,N. Y. "Reg. U.S. Pat. of 


press repairs 


patina a firm that specializes in 
the repair and reconditioning of worn 
printing machinery took a gamble... a 


small one, but it paid handsome dividends 


Much of their repair work consisted of 
brazing and gas welding broken cast iron 
frames and worn machine members. So 
welding was an old story to them. But. 


they had never tried metal-are welding. 


Then they heard about the fine perform 
ance of Ni-Rod* electrodes in’ cast-iron 
maintenance work. They decided to give 
them a trial. Result? Today they usé 
Ni-Rod for most of their welding work 
And like thousands of other shops, they 
find that Ni-Rod saves both time and 


money : gives better results with less effort 


Ni-Rod_ gives sound, non-porous, ma 
chinable welds in all grades of cast iron 
Slag removal is easy, Ni-Rod is stable 
arcing in all positions with either AC or 
DC current. Preheating or post-heating is 
seldom necessary ...an important time 
saving feature. You can use Ni-Rod for 


joining cast iron to steel, too. 


Why not try Ni-Rod in your own shop 
... soon? Discover for yourself why j out 
of 5 shops re-order Ni-Rod, once they've 
tried it. 

Your nearest INCO distributor stocks 
Ni-Rod in 3/32”, 1/8", 5/32” and 3/16’ 
diameters. 

Write for your copy of the helpful new 
S-page booklet: “N/J-ROD a new elec 


trode for any cast iron welding.” 
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MALLORY 
Fluted and Bent 


The Ultimate in Offset Tips — 
A Mallory Exclusive ! 


First, Mallory made news with the bent offset tip that carried the water 
to the welding face! 


Then Mallory perfected the Mallory Fluted Tipt —a 70% increase in 
cooling area, faster heat dissipation, reduced mushrooming, required less 
frequent dressing—all at no increase in price! 

Now Mallory Creative Research has successfully combined these two 
great tip features into one, Now you can have the ultimate in your 
welders: fluted water holes in bent offset welding tips ...and you can 
have them through Mallory and Mallory alone! 

Making news in the welding field is an-old story at Mallory. Again and 
again, Mallory has come through with ideas, practical ideas—because 
Mallory has underwritten more extensive research than any other maker 


of resistance welding alloys, tips, holders and dies. 


Which means if you want the best first. check with Mallory! 


In Canada, made and sold by Johnson, Matthey & Mallory, Lid., 110 Industry St.. Toronte 15, Ontario 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


Capacitors Rectifiers 


Contacts Switches 


Controls Vibrators 


ALLORY 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


Power Supplies 


Resistance Welding Materials 


tPatent Applied For 


Offset 
d 
P.R.MALLORY & CO 
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TRADE-MARK 


Two new iron-base alloys have now been to protect your reetal 


added to the Haynes line of hard-facing rods. 


These alloys, called Haynes 90 and 92 rods, have 
parts from wear 


an unusual combination of properties that will 
give longer life to parts subjected to severe 
abrasion, impact, or heat. 
Haynes 90 rod was specially developed for 
applications involving impact, abrasion, and PROPERTIES as 
HAYNES” 99 Rod 


heat. It also has excellent resistance to oxida- “HAYNES” 92 Rod 
tion at temperatures up to 1000 deg. F. This rod ie 
is recommended for hard-facing wearing parts ysical Properties 
on earth-moving machinery and also on equip- Density, Ib, Per cy, in 
ment for crushing hard, friable material, or 

subject to dry “‘gritty’’ abrasion. The life of Melting point, deg. F 
such parts is increased as much as six or more vite 
times by protecting them with Haynes 90 rod. Specific hegt 
(calculated), 


Haynes 92 rod is a moderately low melting vis 
CGlories per deg 


point hard-facing alloy that is resistant to the 0.110 

most severe abrasion. It is especially suitable Mean coef: 0.1124 

cient 

for applications where a low temperature thermal A 0.0000084 
n 


0.0000082 
(from 32 deg. 
to 1652 deg.) 


deposition is necessary to prevent distortion of Per deg, F. (from 32 deg 

the base metal. It should not be used where © 1463 deg) 
highly corrosive conditions or elevated tem- Magnetic Properties 
Somewho 


Strong! 
able for hard-facing thin sections, such as fan much less magnetic; 


perature are present. Haynes 92 rod is suit- 


blades. In other typical uses, it has increased than stee!, somewhat 
less than 
steel, 


the life of pug mill paddles 10 to 1, and also 
makes wear plates in shot blast machines out- 
last unprotected plates by about 10 to 1. Mechanical 


Pro erti 
Haynes 90 alloy is supplied either as bare ee 


rod or as flux-coated electrodes. Haynes 92 Hardness, Rockwell C 


alloy is available as bare rod only. For prices and 
additional information, write to our General 
Office in Kokomo, Indiana, or any District 
Sales Office. 


Haynes Stellite Company 
Unit of Union Carbide and Carbon Corporation 
UCC) 
yy, = General Offices and Works, Kokomo, Indiana 


TRADE-MARK j Sales Offices 
Chicage —Cleveland—Detroit 


los Angeles —New York—San Francisco —Tulsa 


The trade-mark “Haynes” distinguishes products of Haynes Stellite Company. 


Designed for users of small acetylene 


cylinders where hourly gas consumption 
and space is limited. 


VICTOR'S new Midget Regulators weigh only 
MODELS TO FIT MANY NEEDS 
Acetylene Regulator for shops doing 
occasional welding and brazing, 
where equipment cost must be held in 15 minutes . . . easy to maintain. 
down. Big enough for all cutting 
jobs; handles welding nozzles up to 
size 8. 


1 ib. 12 ozs. Constructed simply ... any part 
may be replaced and regulator reassembled 


Ask your nearest VICTOR distributor to show 
you how compact, light, and low in cost these 
new regulators are. 


Carbon Dioxide Regulator. Ideal for 
drink dispensing apparatus in drug 
fountains and soft drink stands. 


Liquefied Petroleum Gas Regulator 


for practically any brazing and cut- see him NOW 


ting job of medium capacity in shops 
using propane or butane. 

Oxygen Line Regulator for inlet 
pressures of approximately 200 psi. 
Especially good for sit-down pro- 


duction line cutting, welding, braz- (i 
ing, and silver soldering. 

Carbon Dioxide Regulator with . 

needle valve; similar to #7402. 


Carbon Dioxide Regulator, similar FOR WELDING 
to #7402 and #7405, but has petcock 


anne VICTOR EQUIPMENT COMPANY 


Air Regulator for use with small air 
compressors, paint sprayers, small 844 Folsom Street, San Francisco 7, California 


air tools, air gas nozzles, etc. 3821 Santa Fe Avenue, Los Angeles 11, California 
1312 W. Lake Street, Chicago 7, Illinois 
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Welding \omenclature and Definitions 


® A discussion of some of the basic concepts involved in the for- 
mulation of the new **Standard Welding Terms and Their Defi- 


nitions” which have just been approved. 


This article presents 


some of the reasoning leading to the formulation of these terms. 


by W. L. Warner 


HE considerable expansion of welding due to indus- 

trial development and application of welding proc- 

esses during the past decade has enriched American 

technical literature with many picturesque terms 
and esoteric phrases utilized to express new ideas and 
concepts. Many of these terms have been employed 
to indicate modifications of older concepts for the pur- 
pose of establishing a particular viewpoint or to de- 
scribe the value of a new development. Unfortunately, 
lack of uniformity and coherence frequently result from 
such usage. 

When attempting to prepare codes or specifications 
covering the application of welding processes it is often 
necessary to include detailed explanations and direc- 
tions in order to clearly establish the intent of the re- 
quirements which are prescribed. Such a necessity is 
not only very burdensome to both writer and reader but 
also, because of its nonstandard form and interpreta- 
tion, often fails to aecomplish its objective. Then too, 
one of the most frequently criticized features of welding 
contracts, specifications and reports is the verbiage 
utilized in their preparation. The availability of an ade- 
quate reference standard on classification of welding 
processes, welding nomenclature and definitions would 
simplify this problem of expression to a considerable ex- 
tent. 

The A.W.S. Committee on Definitions and Chart, 
within whose sphere of activity such standardization 
work should be earried on, has been actively engaged 
It should be 


recognized that a project of this sort is not only ardu- 


with this problem for over four years. 


ous but time-consuming, involving much long, detailed 


W.L. Warner is at the Watertown Arsenal, Watertown, Mass 
Nore The standard itself will be available shortly in bulleti 
terms and definitions will also be included as Chapter 1 of the 
of the Welding Handhook 


discussion and argument regarding fundamental con- 
cepts and individual viewpoints, before general agree- 
ment can be obtained among all interests involved. 
The problems confronting this Committee have been 
such that their satisfactory solutions have assumed con- 
siderable fundamental importance with reference to 
standardization of industrial practices and the estab- 
lishment of welding standards, specifications and codes 
sponsored by the AMERICAN WELDING SOCIETY. 

It is the writer's privilege to have been associated with 
the work of the Committee on this project and to at- 
tempt to explain the reasoning behind some of the fun- 
damental concepts and principles established by the 
(Committee in its revision of the 1942 Nomenclature 
Standard. The A.W.S. Committee on Definitions and 
Chart has given much time and thought to this problem 
of revision 


A.W.S. COMMITTEE ON DEFINITIONS AND 
CHART 


R. W. Clark, Chairman, General Electric Co.; S. A. 
Greenberg, Secretary, AMERICAN WELDING SOCIETY; 
LL. C. Bibber, Carnegie-Illinois Steel Corp.; Bureau of 
Ships,* Navy Department, Washington, D. C.; O. R. 
Carpenter, Babeock & Wilcox Co.; J. H. Deppeler, 
Consulting Engineer; T. R. Higgins, Amer. Inst. of 
Steel Constr.; H. O. Hill, Bethlehem steel Co.; R. T. 
Jones, Handy & Harman; W. E. McKenzie, U. 3. 
Naval Gun Factory; N. W. Morgan, U.S. Publie Roads 
Administration; W.G. Morgan, Noblitt Sparks Indus- 
tries, Inc.; C. W. Obert, Linde Air Products Co.; W. 
W. Reddie, Westinghouse Electric ¢ ‘orp.; F.C. Saacke, 
Air Reduction Sales Co.;  C. B. Voldrich, Battelle Me- 


morial Inst.; J.J. Vreeland, Chase Brass & Copper Co. ; 


* Represented by ( 4. Loomis and t end Weldin 


rials Sectior 


& Mate- 
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Watertown Arsenal,f Ord. Dept., Department of the 
Army and J. L. Wilson, American Bureau of Shipping. 

The Resistance Welding Terms with definitions which 
are included were supplied by the A.W.S. Resistance 
Welding Committee. Likewise the Brazing Terms with 
definitions were supplied by the A.W.S. Brazing Com- 
mittee. 

In outlining a program for the project of revision the 
Committee planned the work in four phases: 

1. Formulation of a Master Chart of Welding Proc- 

eSSCS. 

Defining terminology used in Master Chart. 
Formulation of Process Charts for distinguishing 
between processes listed in) Master Chart. 
Defining welding terms used in the application of 

welding processes. 

This arrangement of program was decided upon pri- 
marily because it was considered that the Master Chart 
with its accompanying Process Charts, which show proc- 
ess Classification and significant operating characteris- 
ties in some detail, forms a sort of skeleton or framework 
for the proposed revision of the nomenclature standard 
In effect these charts may be considered to serve also as 
a guide to keep one’s thinking straight when contem- 
plating the whole problem of welding terminology and 
definitions in view of the rather complex relationships 
existing between interpretations of various allied terms 
used in welding. 


THE MASTER CHART OF WELDING 
PROCESSES AND PROCESS CHARTS 


\ suitable Master Chart should be logical and con- 
sistent inform and arrangement. It should be adequate 
in content. [ts classification system should be appli- 
cable in a practical manner. The Master Chart should 
include all known welding processes which have been o1 
are being used in production and its classification svs- 
tem should provide a mechanism by which the results of 
future development can be incorporated when desired 
without elaborate rearrangement of the system. 

It was recognized also that, before formulation of a 
Master Chart could be attempted, there were certain 
basic concepts to be established not only as a guide for 
the thinking of the Committee but also for the informa- 
tion of those who may be interested in or concerned with 
later use of the charts for any purpose. The following 
concepts were established by the Committee in formu- 
lating the Master Chart together with the terminology 


used thereon 


Concept of “What is a weld?” 

Concept of “What is a braze?” 

Concept of “What is a welding process?’ 
Concept of “What is braze-welding?” 

Isa weld a “coalescence” ora “consolidation” 


What is the distinction between 


“process, 
“method” and ‘procedure’ 
Sasis of rrouping of Welding Processes 


esented by Warner 


Warner 


Welding Nomenclature and Definitions 


8. Format of Definitions of Processes 
9. Characteristics of Processes in Process Charts 


It is desired to briefly discuss each of these concepts 
but, before doing so, it is essential to point out that the 
subject of ‘soldering’ has been intentionally excluded 


from this nomenclature revision. This has been done 
because the Committee's recognized field of activity 
covers only “welding” and “brazing.” Also, the tem- 
perature limit of 800° F. which has been established to 
distinguish “brazing” from “soldering” has been arbi- 
trarily established based upon general agreement for 
classification purposes by the Committee. It is not in- 
tended herein to argue the reasons for or against this 


selection. 


Concept of “What Is a Weld?” 


In establishing this fundamental concept the Com- 
mittee considers that the following elements are essen- 
tial toa “‘weld”: 

a) A joining of metal parts occurs over a certain lo- 

calized area of the parts. 

b) A filler metal may or may not be used. 

(c) Heat with or without pressure is used. 

(¢) A continuity of solid metal parts results. 

While it is recognized that a solid metal joining may 
be accomplished, in the ease of several soft pure metals, 
by pressure without heating, all practical industrial ap- 
plications of welding processes involve the use of either 
heating only or the combined use of heating and pres- 
sure. Therefore, it is considered that the basic concept 
of a weld is satisfactorily expressed by the following defi- 
nition fora “weld” established by the Committee 

Weld —A localized coalescence of metals wherein 
lescence is produced by heating to suitable tempera- 
tures, with or without the application of pressure, and 
with or without the use of filler metal. The filler metal 
either has a melting point approximately the same as the 
base metal or has a melting point below that of the base 


metals but above SOO” F. 


Concept of “What Is a Braze?” 


In establishing this fundamental concept the Com- 
mittee considers that a “braze” is a very special form 
of “weld” in which the following elements are essential 

a) The surfaces to be joined are fitted very closely 
together. 

b) The filler metal used is a nonferrous metal. 

c) The filler metal has a melting point above SOO” F. 
but below that of the base metal which it joins 
together. 

d) The filler metal is distributed in the joint by cap- 
illary attraction. 

Therefore, it is considered that the basic concept of a 
braze is satisfactorily expressed by the following defi- 
nition fora “braze” established by the Committee: 

Braze—A weld wherein coalescence is produced by 
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heating to suitable temperatures above 800° F. and by 
using a nonferrous filler metal having a melting point 
below that of the base metals. The filler metal is dis- 
tributed between the closely fitted surfaces of the joint 
by capillary attraction. 


3. Concept of “What Is a Welding Process?” 


In establishing this fundamental concept the Com- 
mittee considers that any metal-joining process, the use 
of which results in a weld, should be regarded as a 
“welding process.”” Therefore, it is considered that the 
basic concept of a welding process Is satisfactorily ex- 
pressed by the following definition established by the 
Committee: 

Welding Process 


coalescence Cis produced by heating to suitable fempera- 


\ metal joining process wherein 


tures, with or without the application of pressure, and 
with or without the use of filler metal 


Concept of “What Is Braze-W 


In establishing this fundamental concept the Com- 
mittee has in mind that type of metal joining which re- 
sults from apply ing a welding process Using a nonferrous 
filler metal for ferrous base metals, as is done in brazing 
but the Jot surfaces are not closely fitted together us 
they are when the joint is to be brazed and capillary 
attraction is not a factor in the distribution of the filler 
metal in the In such cases one performs the 
tions of welding and ends up with a joint which tas all 
the external appearances of a welded Jot The term 
“braze-welding™ is considered appli able to the welding 
methods which produce this sort of a joint 

\ccordingly, the Committee regards the following 


elements as essential to ‘braze-welding 


a \ joining of metal parts occurs over a certalt 
localized area of the parts 

4) A nonferrous filler metal is used in the joining 

( The surfaces to bn joined ire not fitted closely to 
gether 

d) The filler metal has a melting point above SOO 
I but below that of the base metals which 1 
together 

Che filler metal is not distributed in the joint by 


capillary attraction 


Therefore, it is considered that the basie concept ol 
braze-welding is satisfactorily expressed by the defini- 
tion for established by the Committee 
as follows 

Braze-Welding —A method of welding whereby 
groove, fillet, plug or slot weld is made using a nonter- 
rous filler metal having a melting pornt below that of the 
base metals but above SOO” I Che filler metal is not 
distributed in the Joint by capillary attraction. 

The Committee has further considered it to be very 
undesirable that “braze-welding” be given the status of 
a group of processes in the Master Chart on a par with 
Are Welding, Gas Welding, Resistance Welding and 
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Brazing since classifving it in that manner would neces- 
sitate the formulation of a new group of symbols, joint 
designs and engineering data for its use by the design en- 
gineer. It is rather deemed to be a method using these 
processes. Accordingly, the various braze-welding 
methods are indicated in the Process Charts under the 


respective applicable welding processes 


5. Isa Weld a “Coalescence”™ or a **Consolida- 


tion?” 


The basic concept that a weld is a “coalescence” 
rather than a “eonsolidation” has been established by 
the Committee after careful study and consideration. 
Webster's Dictionary defines “coalescence” as a 
ing together” or “growth into one body whereas 
“consolidation” is defined as “‘making solid” or “com- 
pressing into a Compact mass It is considered, there- 
fore, that 


than coalescence” in that the former could include 


“consolidation” has a broader interpretation 
joining by using members external to the joint such as 
by bolting, riveting, nailing or strapping. Also the 
term ‘consolidation’ appears alwavs to involve some 
element of “foree.”’ This element of ‘force’ not sug- 
gested by the term “coalescence Therefore, the term 
coalescence” is regarded as more applicable generally 
to all types ol welding processes than is the term “‘con- 
solidation”’ which might primarily to those 
velding processes wherein external “force “is an essen- 
tinl element of the process 
Accordingly, all welding process definitions estab- 


lished by the Committee define a “coalescence instead 


of a “consolidation of metals 


6. What Is the Distinction Between Process.” 


**Method” and “Procedure”? 


kor the purpose ol establishing suitable rminology 
and arrangement of the Master Chart and Process 
( harts the Commitee has considered it verv desu ible to 
attempt to distinguish between a “process, a method” 
and a “procedure This distinction is neither simple 
nor easy to iccomplish and it be regarded with 
some degree of tolerance by the charts and 
of the terminology which applics 

By reference to Webster's Dictionary 1 lee 


} is established the follow 


Process 


\ distinctive progressive 

ets, involved in the course of producing a basie type 
of result 

Method An orderly arrange 


ot proceeding Ina certamm manner to accomplish i 


ordeninite svstem, 


particular type of result 


Procedure The detailed elements With pres ribed 
values or ranges of value of x Process or Method 


used to produce a specific result 


For example, with any welding process, distinguished 
as such by method of heating, type of filler metal, type 


of shielding or other basie factors of operation there may 
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be several methods of applying the process to obtain a 
weld. Then each method may be applied by using sev- 
eral procedures in each of which specific values for the 
various factors of operation are prescribed. The Com- 
mittee has endeavored to follow this line of reasoning in 
preparing the Master Chart of Welding Processes and 
the Process Charts. 


7. Basis of Grouping of Welding Processes 


The Committee has considered the ‘means of heating 
for welding” as of primary interest in the grouping of 
welding processes together with the “influence of capil- 
lary attraction in effecting distribution of filler metal” in 
the joint. This factor of capillary attraction distin- 
guishes those welding processes grouped under “‘Braz- 
ing” from those welding processes grouped under 
“Forge Welding,” ‘Thermit Welding,” “Flow Weld- 
ing.” “Gas Welding,” “Are Welding,” ‘Resistance 
Welding” and “Induction Welding.” The distinguish- 
ing feature of these latter groups of welding processes is 
“means of heating for welding.”” This svstem of proc- 
ess grouping is essentially the same as that used in the 
1942 Nomenclature Standard except that there is no 
grouping according to the use or nonuse of pressure. 

This omission of the “pressure”? and ‘‘nonpressure”’ 
designations for process grouping in the Master Chart 
is the deliberate intent of the Committee because of the 
thought that the use or nonuse of pressure is sometimes 
taken to refer to the service application for the welded 
joint. Instead, this factor of pressure is shown as an 
element of operation of applicable welding processes in 
the Process Charts. 

Since fusion is considered to be involved in certain 
welding processes other than are or gas welding, **Fu- 
sion Welding” is not recognized as a group in the Mas- 
ter Chart. Also the type of current used in Are and Re- 
sistance Welding Processes and whether “consumable” 
or “nonconsumable” electrodes are used in are welding 
are not shown by the Master Chart. These items are 
considered to be characteristics more properly involved 
in distinguishing between processes and methods of 
welding and are therefore shown by the Process Charts. 


8 Format of Definitions of Processes 


In defining the processes which are included in the 
Master Chart the Committee has endeavored to make 
each definition as complete as possible so that it will in 
facet “stand alone by itself’ without reference to other 
definitions. For completeness and clarity some defini- 
tions have been aecomplished by using more than one 
statement but in most instances a uniform pattern of 
wording and arrangement has been followed 

The Committee has purposely formulated these defi- 
nitions from the operational instead of the metallurgical 
viewpoint. Thus the definitions of processes prescribe 
the significant elements of operation involved instead of 
the significant metallurgical characteristics of the 
“coalescence” resulting from the welding operation. 
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9. Characteristics of Processes in Process Charts 


The Process Charts are intended to be supplementary 
tothe Master Chart. They have been prepared to indi- 
cate the significant factors involved in the use of each of 
the welding processes included in the Master Chart. 
These charts are not intended as process application 
or procedure charts since specific values are not pre- 
scribed for the characteristics listed. 

The Commitee has established the following inter- 


pretations for the Process Characteristics shown on the 


Process Charts: 


Type of Current. The nature of the electric cur- 
rent used in producing the heating at the loca- 
tion of the weld. 

Source of Current. The equipment which sup- 
plies the welding current. 

Polarity. The polarity of the electrodes in a 
direct-current are-welding circuit. 

Source of Heat. The means by which the weld- 
ing heat is generated. 

Heating Agent. The manner or means by which 
the welding heat is applied to the work. 

Control of Time of Heating. The manner or 
means of controlling the time of heating for 
welding, exclusive of preheating. 

Duration of Heating. The length of time of 
heating required to make a weld, exclusive of 
preheating. 

Number of Heating Agents. The number of 
heating agents used in making a weld, ex- 
clusive of preheating. 

Temperature of Base Metal. The temperature of 
the base-metal surface where and when coa- 
iescence occurs. 

Degree of Shielding. The degree to which air is 
intentionally excluded from the immediate 
vicinity of the coalescence being accomplished 
during welding. 

Type of Shielding. The physical nature of the 
shielding agent. 

2. Shielding Medium. The specific agent by which 
shielding is effected. 

Number of Electrodes. The number of elect re 
per heating agent used in making a weld 

Type of Electrode. 


trode or electrodes with reference to whether 


The character of the elec- 


it or they supply filler metal for making a 
weld. 

Form of Llectrode. 
in making a weld and in some cases the mate- 


The shape of electrodes used 


rial of the electrodes used. 
Use Source of Filler Metal. Whether filler metal 
ix used in making a weld and in some cases 
the source of the filler metal used. 
17. Flux. Whether flux is used in making a weld 
and in some cases the source of the flux used. 
18. Pressure. Whether pressure is used in making a 
weld. 
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19. Source of Pressure. The method or the agent by 
which pressure is applied in making a weld. 

20. Application of Pressure. The uniformity or the 
variations in pressure applied during the mak- 
ing of a weld. 

21. Time of Application of Pressure. The time when 
pressure is applied with respect to the heating 
evele used in making a weld. 

22. Filler Metal Feed. The manner in which filler 
metal is added during the making of a weld. 

23. Advance Along the Joint. 
welding operation along the joint with refer- 


The advance of the 


ence to whether accomplished by manual o1 
by automatic means. 
24. Completion of Joint. Whether the joint is com- 


pleted progressively or simultaneously. 


The Committee considers that Source of Heat is pri- 
marily concerned with heat generation while Heating 
Agent is primarily concerned with how the heat is ap- 
plied to the work in welding. In both Control of Time 
of Heating and Duration of Heating the Committee ex- 
cludes preheating and postheating and includes only 
the heating used during the act of welding. Shielding is 
indicated for those processes where it is intentionally 
provided during the welding operation and the amount 
of shielding is indicated qualitatively. There is no in- 
tent to indicate the amount of shielding quantitatively. 
The type of shielding is considered to be either gaseous, 
liquid or solid. 

The use or nonuse of pressure during the making of a 
weld is indicated under Pressure irrespective of whether 
or not pressure is required to produce coalescence. The 
Committee intends that Pressure be associated with the 
making of the weld instead of with the application of the 


weld in service. 


DEFINITIONS OF WELDING TERMS 


It is recognized that the results of the Committee ac- 
tivity may not be entirely satisfactory to everyone con- 
cerned and it should be understood that Committee de- 
cisions usually represent a majority agreement. In 
formulating the definitions the Committee has been 
most careful to consider all shades of interpretation pre- 
sented by differences of opinion. It has endeavored to 
determine “What is usually intended by the context 
with which the term is used?” The discussion which 
follows attempts to explain the reasoning upon which 
the Committee has based the definitions for some of the 
more controversial terms encountered in the field of 


welding. 


Electrode 


In applying the interpretation of “electrode” given 
by Webster's Dictionary the Committee has established 


the following interpretation of “electric source” 


Are Welding—That portion of the welding circuit in- 


volved which is external to the welding are. 
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Resistance Welding —That portion of the welding cir- 
cuit involved which is external to the work. 


It is recognized that various types and forms of 
“electrode” are used primarily in those welding proc- 
esses which utilize electricity for the required heating. 
Are-welding electrodes may be of carbon or metal and 
the metal electrodes may be either the filler metal or 
nonfiller metal type. Resistance welding electrodes are 
usually of metal and of the nonfiller metal type. They 
are relatively massive in section since they must carry 
heavy currents without melting and heavy pressures 
without appreciable deformation. 

Accordingly, the Committee has established the fol- 
lowing nomenclature with their respective definitions: 


Carbon Electrode—A nonfiller metal electrode, used 
in are welding, consisting of a carbon or graphite 
rod 

Metal Eleetrode—A filler or nonfiller metal electrode, 
used in are welding, consisting of a metal wire, with 
or without a covering or coating. 

Bare Electrode—A filler metal electrode, used in are 

welding, consisting of a metal wire with no coating 

other than that incidental to the drawing of the 
wire. 

A filler metal electrode, used in 


are welding, consisting of a metal core wire with a 


Covered Electrode 


relatively thick covering which prov ides protection 

for the molten metal from the atmosphere, im- 

proves the properties of the weld metal and. stabi- 

lizes the are. 

Composite Electrode —A filler metal electrode, used 
in are welding, consisting of more than one metal 
component combined mechanically. It may or 
may not include materials which protect the molten 
metal from the atmosphere, improve the proper- 
ties of the weld metal and stabilize the arc. 

Lightly Coated Electrode—A filler metal electrode, 
used in are welding, consisting of a metal wire with 

a light coating applied subsequent to the drawing 

operation, primarily for stabilizing the are. 
Tungsten Electrode—A_ nonfiller metal electrode, 

used in are welding, consisting of a tungsten wire 
Resistance Welding Electrode—See Electrode 
Electrode 

Are-Welding —See Bare Electrode, Carbon Elee- 

trode, Metal Electrode, ete. 

Resistance-Welding The part or parts OF a re- 
sistance welding machine through which the 
welding current and, In most cases, pressure are 
upplied directly to the work. The electre may 
be in the form of a rotating wheel, rotating roll, 
bar, eylinder, plate, clamp, chuck or modifiea- 


tion thereof. 


futomatic. Machine and Manual Welding and 


Cutting 
The following interpretations are indicated by Web- 


ster’s Dictionary : 
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a self-acting or self-regulating 


mechanism that performs a required act at a pre- 


determined point in an operation. 


Machine mechanism serving to transmit and modify 


force and motion so as to do some kind of work. 
Manual 
hand or hands. 


Done, made, operated by or used with the 


The Committee has recognized the basic significance 


of these interpretations in formulating definitions for 


the automatic, machine and manual welding and cut- 


ting processes. In addition, the Committee has in- 


cluded in the definitions the degree to which the welding 


or cutting operation is performed under the observa- 


tion and control of the operator. In any case the load- 


ing or unloading of the work is considered to be inciden- 
tal. 
Accordingly, the Committee has established the fol- 


lowing nomenclature with their respective definitions: 


Automatic Oxygen Cutting cutting with 


equipment which performs the cutting operation 


without constant observation and adjustment of the 


controls by an operator. The equipment may or 


may not perform loading and unloading of the 


work. See Machine Oxygen Cutting. 


Automatic Welding Welding with equipment which 


performs the welding operation without constant 


observation and adjustment of the controls by an 


operator. The equipment may or may not perform 
the loading and unloading of the work. See Ma- 
chine Welding. 


Machine Oxygen Cutting--Oxvgen cutting with 


equipment which performs the cutting operation 


under the constant observation and control of an 


operator. The equipment may or may not perform 


the loading and unloading of the work. See Auto- 


matic Cxvgen Cutting. 
Machine Welding 


performs the welding operation under the constant 


Welding with equipment which 


observation and control of an operator. The 


equipment may or may not perform the loading 
see Automatic Weld- 


and unloading of the work 


ng 
Manual Oxygen Cutting Oxvgen cutting wherein 


the entire cutting operation is performed and con- 


trolled by hand. See Automatic Oxvgen Cutting 


and Machine Oxygen Cutting 

Manual Welding 
ing operatlon ts performed and controlled by hand. 
See Automatic Welding and Machine Welding. 


Welding wherein the entire weld- 


The Committee has interpreted the term ‘Semiauto- 


matic” to mean “operated partly automatically and 


partly manually” and considers this twpe of operation 


as one Which is practiced primarily in connection with 


certain are-welding processes. Therefore the Commit- 


tee has not defined a general term “Semiautomatic 


Welding” but instead has defind the term “Semiauto- 


matie Are Welding” as follows: 


Semiautomatic Are Welding Are welding with 
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equipment which controls only the filler metal feed. 
The advance of the welding is manually controlled. 


Fusion and Penetration 


The distinction between “Fusion” and “Penetration” 
has been a source of considerable confusion and the 
Committee has made a deliberate effort to clarify these 
terms and provide proper distinction. “The Commit- 
tee has recognized that the terms “Fusion” and **Pene- 
tration”’ may be applied to welds made by welding proc- 
esses other than are or gas welding and therefore the 
general term “Fusion Welding” has not been defined 
Furthermore, the Committee has chosen to restrict the 
use of “Penetration” to “Groove Welds” only and to 
designate the term more properly as ‘Joint Penetra- 
tion.” This was decided because “Penetration” is gen- 
erally used with the idea of the weld penetrating into 
the joint. 
the joint’’ whereas, a ‘Fillet Weld” is regarded as being 


A “Groove Weld” is regarded as being “in 


“on the joint.” Therefore, the term ‘Joint Penetra- 
tion” does not apply to “Fillet Welds.” This is a new 
and rather startling concept which must be thoroughly 
understood and adequately comprehended in order to 
appreciate the significance of the definitions established 
by the Committee. 

The “Groove Weld,” being “in the joint,” is regarded 
as fused with the base metal throughout the extent of 
base-metal surface exposed in the joint for welding, 
whereas, the “Fillet Weld.” being “on the joint,” ts 
fused with the base metal throughout the extent of base- 
metal surface exposed for welding between both toes of 
the “Fillet Weld” and the root of the joint. [f the weld 
desired is to penetrate the joint to any prescribed ex- 
tent, then the joint must be suitably prepared or set up 
to permit such penetration or else the welding must be 
performed so as to obtain the minimum penetration de- 
sired. In such eases the weld is regarded as a “Groove 
Weld” to which the term “Joint Penetration” or Root 
Penetration” may be applied. 

This concept visualizes that “Fusion” is measured as 
“Depth of Fusion” or the depth to which fusion has 
progressed into the base metal normal to the original 
base-metal surface on which welding was performed 
This means that a “Depth of Fusion” should exist with 
respect. to each base-metal surface involved by the 
welding operation. Ina “Groove Weld” the “Depth of 
Fusion” is measured with reference to the “side walls” 
of the groove whereas penetration is measured with 
reference to the distance the weld has progressed into 
the depth of the joint. Ina “Fillet Weld” the term 
“Depth of Fusion” only applies and it applies with ref- 
erence to the original surfaces of the base metal upon 
which the weld was deposited. 

Accordingly, the Committee has established the fol- 
lowing nomenclature with their respective definitions 


Fusion — The melting together of filler metal and base 
metal, or of base metal only, which results in coa- 
lescence. See Depth of Fusion. 
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Depth of Fusion—The distance that fusion extends 
into the base metal from the surface melted during 
welding. 

Complete Fusion —Fusion which has occurred over 
the entire base-metal surfaces exposed for welding 

Incomplete Fusion——Fusion which is less than com- 
plete. 

Joint Penetration The minimum depth “a groove 
weld extends from its face into a joint, exclusive of 
reinforcement. 

Root Penetration The depth a groove weld extends 
into the root of a joint measured on the center line 
of the root cross section 

Complete Joint Penetration —Joint penetration 
which extends completely through the joint. See 
Joint Penetration. 

Partial Joint Penetration —Joint penetration which 
is less than complete 

Inadequate Joint Penetration—Joint penetration 
which is less than that specified. 


Root of Joint and Root of Weld 


The Committee regards these terms as of primary 
significance in connection with preseribing details of 
joint geometry, joint design or joint welding procedure, 
since they involve the element of location by reference 
to a particular point, line or area in the joint or weld 
cross section. 

The term “Root of Joint” applies to the unwelded 
joint and is considered to be that region or part ot the 
joint cross section where the members to be joined 
reach their closest proximity Therefore, the “Root of 
Joint’ may bea point a line or an area mn the joint CTOSS 
section but, after the joint has been welded, the ‘Root 
of Joint’ no longer exists and the term has no signifi- 
eance in the welded joint 

The vreatest significance of “Root of Weld” is con- 
sidered to be that indicated by its use in connection with 
“back chipping.” “gouging” or “grinding”’ a weld at its 
back in order to prepare for welding that side of the 
joint to obtain complete joint penetration. After the 
joint has been welded, as required by the joint design, 
the “Root of Weld” assumes a minot significance since 
in this case the reference to “Root Passes” o1 “Root 
Beads” indicates those deposits of weld metal which 
were laid in and adjacent to the “Root of Joint” shown 
in the cross section of the unwelded jot 

Accordingly, the Committee has established the fol- 
lowing nomenclature with their respective definitions 


Root of Joint That portion ota joint to be welded 
where the members approach closest to each other. 
In cross section the root of the joint may be either a 
point, a line or an area. 

Root of Weld —The points, as shown in cross section, 
at which the bottom of the weld intersects the base- 
metal surfaces 

Root Face—That portion of the groove face adjacent 
to the root of the joint 
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Root Edge—A root face of zero width. See Root 
Face. 

toot Gap—See Root Opening 

Loot ¢ pening The separation between the members 
to be joined, at the root ot the joint. 


Root Radius—See Groove Radius 


Joint Geometry and Joint Design 


The Committee considers that the term ‘Joint Ge- 
ometrs is intended to refer to the unwelded-joint con- 
tour in cross section as the joint is set up for welding. 
The term “Joint Design” is considered to include ‘Joint 
Geometry” plus the outline of the completed weld to- 
gether with the build-up sequence used in depositing 
the weld metal. Joint properties are not considered to 
be included by either term since these properties depend 
upon Joint-Welding Procedure which cannot be pre- 
scribed by Joint Design alone. 

Accordingly, the Committee has established the fol- 
lowing nomenclature with their respective definitions: 


Joint Geometry—The shape and dimensions of a 
joint in cross section prior to welding 

Joint Design—The joint geometry together with the 
required dimensions of the welded joint 

Joint (Unwelded 
members are to be joined by welding. 

Joint (Welded See Welded Joint 

Welded Joint —A union of two or more members pro- 
duced by the application of a welding process 


The location where two or more 


Throat of Weld and Size of Weld 


The term “Size” is generally used to indicate “extent” 
or’ magnitude” but when use d with reference to a weld 
the Committee considers that it is intended to refer toa 
specific dimension or a combination of dimensions of the 
weld. It is considered that the term * Phroat 


with reference to the “net” or “minimum” dimension of 


"is used 


the weld in cross section 

With reference to a “Groove Weld” the ¢ ‘Committee 
considers the two terms “Size” and “Throat” to be 
synonymous but with reference to a “Fillet Weld” they 
In the “Groove Weld” the “Size of Weld” 
means the net effective cross-sectional dimension of the 


are not. 
weld, which is the ““Throat.””. This dimension is deter- 
mined by the depth of the “Groove” plus the ‘Root 
Penetration.”” Therefore, it Is necessary to define only 
one of these two terms for ‘Groove Welds.” The Com- 
mittee has chosen to define ‘size of Weld” for “Groove 
Welds.” 

Ina “Fillet Weld” the “size of Weld” is considered to 
refer to the lengths of the legs of the fillet. For ‘‘equal- 
leg”’ fillets only one leg length is referred td for “Size,” 
whereas, for “unequal-leg” fillets both leg lengths are in- 
cluded. In both cases the leg lengths refer to the lengths 
of the legs of the largest right triangle, a theoretical fig- 
ure, Which can be inscribed within the weld-metal cross 


section of the fillet weld. The “Throat” of a ‘Fillet 
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Weld,” being a minimum dimension of the cross section, 
is the minimum distance from the root of the fillet weld 
toits face. For design purposes a “Theoretical Throat” 
is considered to indicate the minimum distance from 
the root of the joint to the hypotenuse of the theoretical! 
right triangle previously referred to. 

Accordingly, the Committee has established the fol- 
lowing nomenclature with their respective definitions: 


Size of Weld 
Groove Weld-—The depth of chamfering plus the 
root penetration when specified. 
Fillet Weld 
Equal-Leg ~The leg length of the largest 
isosceles right triangle which can be inscribed 
within the fillet-weld cross section. 
Unequal-Leg —The leg lengths of the largest 
right triangle which can be inseribed within 
the fillet-weld cross section. 
Throat of a Fillet Weld 
Theoretical —The distance from the beginning of 
the root of the joint perpendicular to the hypot- 
enuse of the largest right triangle that can be in- 
seribed within the fillet-weld cross section. 
Actual--The shortest distance from the root of a 
fillet weld to its face. 


Welding Procedure and Joint Welding Procedure 


The term “Procedure” is interpreted to mean “man- 
ner of doing” and the term “Welding Procedure” to 
mean “manner of welding.” However, the Committee 
has chosen to distinguish between the manner of weld- 
ing a complete weldment and the manner of welding 
any particular joint in that weldment by defining the 
terms “Welding Procedure’ and “Joint Welding Pro- 
cedure.” 

Accordingly, the Committee has established the 


following nomenclature with their respective defini- 


tions 


Welding Procedure - ‘The detailed methods and prac- 
tices, Including joint welding procedures, involved 
in the production of «a weldment. 

Welding Sequence— The order of making the welds 
ina weldment. 

Joint Welding Procedure The materials, detailed 
methods and practices employed in the welding of a 
particular joint. 

Joint Welding Sequence See Build-Up Sequence. 

Build-Up Sequence —The order in which the weld 
beads of a multiple-pass weld are deposited with re- 
spect to the cross section of the joint. See Block 


Sequence and Longitudinal Sequence. 


W elder, Welding Operator and Welding Machine 


The Committee recognizes that the use of the term 
“Welder” to indicate a machine which performs the 
welding operation or a machine which supplies power 
for electric welding or an individual who is capable of 
performing manual welding operations leads to consid- 
erable confusion in interpretation. Also the use of the 
term ‘Welding Operator” to indicate both the operator 
of a welding machine and the individual who is capable 
of doing manual welding is somewhat ambiguous since 
these two individuals do not necessary have the same 
degree of welding skill such as to be always interchange- 
able. 

Furthermore, the Committee considers it to be ap- 
propriate that the terms **Welder” and ‘Welding Opera- 
tor” be applied to the individual only and that the ma- 
chine performing the welding operation be referred to 
us the “Welding Machine.” 
supplies current for electric welding should be referred 


The equipment which 


to as either “Welding Generator” or “Welding Trans- 
former.”’ Similar principles apply to the oxygen-cut- 
ting processes. 

Accordingly, the Committee has established the fol- 
lowing nomenclature with their respective definitions 


Welder—One who is capable of performing «a manual 
or semiautomatic welding operation. 

Welding Operator—One who operates machine or au- 
tomatic welding equipment. 

Welding Machine-—Equipment used to perform the 
welding operation. For example, spot-welding ma- 
chine, are-welding machine, ete. 

Welding Generator—A generator used for supplying 
current for welding. 

Welding Transformer— A transformer used for sup- 
plying current for welding. 

Weldor-—See Welder. 

Oxygen Cutter—One who is capable of performing a 
manual oxygen-cutting operation. 

Oxygen-Cutting Operator--One who operates ma- 
chine or automatic oxygen-cutting equipment. 

Cas Cutter—See Oxygen Cutter. 

Burner —See Oxygen Cutter. 
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Welding Applications in Automotive Construction 


® The production of the modern automobile is greatly assisted 


by the various welding processes. 


The solution of some 


of these high-speed production problems is clearly outlined 


by John F. Randall 


N 


processes are 


modern automobile, welding 
the 


There are 


primary method of 


fabrication apparently no 
exact data available on the total number 
of welds included in a completely assem- 
bled modern automobile. However, the 
magnitude of the welding operations can 
be illustrated by considering the amount 
ot welding required for the fabrication of 
two of the major components 
The average automotive body, 
designed, contains over SOOO spot 


Accordingly, in 


as pres- 
ently 
and projection welds 
order to produce 5000 bodies per day, an 
automotive body plant must make approx- 
imately 40,000,000 resistance welds in a 
24-hour period. 


In the 


frames, there is a definite trend to replace 


newer designs of automotive 


riveted construction with are and resist- 
ance welding with ia consequent Increase 
in frame rigidity and fatigue strength. 
A typical frame of the newer design has 
approximately 600 in. of are welding and 
About 450 of 


deposits d by automatic arc 


about 170 resistance welds 
the 600 in. ar 
welding with the remaining 150 applied by 
Accord- 


ingly, to produce such frames at a rate of 


the manual metal-arc process 
5000 per day, an automotive frame plant 
must complete approximately 250,000 ft 
or 47.5 miles of are welding and 850,000 
resistance welds every 24 hours 

It will be obvious that there are certain 
special conditions which arise because of 
the extremely high production rates re- 


quired tor welding operations For *X- 
ample, a production schedule of 5000 com- 
ponents per day requires over 330 parts 
per hour if the schedule is to be met with 


When a 


particular component is used in multiple 


two shifts totaling 15 hours 


single car, production 
For 
push rods are required for an 
Accordingly, for 5000 
engines per day, a total of 80,000 valve 


quantities on a 


rates pyramid rapidly example, 


16 valve 


S-cevlinder engine 
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push rods must be welded in each 24-hour 
This 
imately 5500 welded units per hour 

These 


ments result in a 


period corresponds — t¢ approx- 
high hourly 
different 


production welding problems 


extremely require- 
ipproach to 
Obviously, 
in such specialized equipment is 
both desirable 


ments of high 


CASES, 
and necessary if the require- 
production rates and mini- 
to be met 


mum cost per component are 


TRANSFORMER 


TRANSF ORME) 


Methods requiring high degrees of manual 
skill and control of quality and production 
rate by the operator must be eliminated 


to the greatest possible extent In all 


costs are the determining tactor 


in the selection of a welding method for 


automotive parts, and the saving of a 


fraction of a cent per part represents a 


major sum of money during a vears pro- 


duction 


TRANSFORMER 


AIR OR 
CYLINDER 


AiR OR O'L 
CYLINDER 


| 
| 
BACKUP 

ELECTRODE 
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BACKUP 
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CONTACT 


PAD 


TRANSFORMER 
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DIRECT WELD 


OPPOSED 
SECONDARY WELD 


TYPICAL SECONDARY CIRCUIT ARRANGEMENTS 


Fig. | Schematic di 


Fig. 2 
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Among the requirements which must be 
considered in selecting welding equipment 
for high productio: 


construction are the following: 


l Abilitv of the method to meet the 


required production rates 
Reliability and ease of maintenance 
of the equipment to minimize 
down time 
Minimum dependence on operator 
skill and working speed 
Minimum operating labor and floor 
speece requirements 
\daptal ilitvy to a straight line flow 
of work 
of modification to meet 
changed design requirements 
\ study of these factors will indicate 
that resistance welding methods satisfy 
4a greater number of these requirements 
than does any other welding process For 
this reason, there is a preference in the 
automotive industry for resistance weld- 
ing Whenever such methods are applieabh 
Within the last vear or eighteen months, 
the problems of high production of 
welded assemblies at minimum cost have 
been approached from a radieally differen 
angle This has been made pos ible by 
the development of welding ¢ julpment 
capable of producing assemblies as fas 
cotaponents are stamped 
method, the welding machines 
ited with the stamping press 


When suit- 


dk faust) operating 


Hor components 


welding 


equipment os placed series with the 


Stamping presses and a straight line flow of 
material can be obtained from the original 
steel blank to the finished major compo- 
hent The welding machines ean then be 
synchronized with the stamping presses; 
and the tr inster of material through the 
Stanipang presses and welding machines 


and from one to the other ean be acceom- 
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low-cost automotive 


View of entrance end of quarter-panel welding machines 


plished by suitable automatic handling 

equipment which does not require manual 

effort on the part of the operators 
High-speed 


been developed which is capable of pro- 


welding equipment has 
ducing 300 or more assemblies per hour, 
with each assembly containing from 100 
to 300 resistance welds The basic prin- 
ciples of this type of resistance welding 
equ pment recently pliced In operation 


in the automotive industry) ean best be 


outhned by deseribing the separate com- 
ponents used in its assembly. These are 
as follows 

a) A four-post, mechanically operated, 
rapid action press on which the bottom 
platen is movable 

bh) Ciuide rails or a convevor passing 
through the press to support or move the 


work 


i fixture which 


Fig. 4 


contains copper backup electrodes and Is 
mounted on the lower press platen. 

(d) A number of small resistance welding 
transformers which are usually mounted 
on the stationary upper press platen 

\ hvdraulically 
operated welding guns which are attached 


multiplicity of 


to the transformer secondaries 

f) A suitable hydraulic pressure sys 
tem 

(g) An electronic welding control panel 

Before describing the operation of these 
special-purpose resistance welders, three 
different secondary circuit: arrangements 
will be deseribed which can be used for 
making spot or projection welds in multi 
ple transformer press type welders Fig 
ure Lis a schematic diagram of three useful 
circuits, 

The diagram to the left illustrates the 
electrical connections for seres weld 
Whenever applicable, this cireuit is) the 
most advantageous type for use in high 
speed resistance welding machines. An 
examination of the diagram will indieats 
that the welding current flows from one of 
the top electrodes into the upper steel 
sheet and then divides between three 
paths For the purpose of illustration 
consider that the current is flowing from 
the upper right-hand electrode down into 
the material \ portion of the current 
will flow across the top sheet 
through the upper left electrode to 
Another 


down through the top sheet 


transformer portion passes 
into the | 
cheat. that choot 

the top sheet and returns 

former through the upper 

However, the major portion « 

will flow from the right-hand eleetrods 
directly down through both sheets into 
the copper backup electrode tlomg the 
backup electrode to a point under the 


upper left eleetrode, up through both 


sheets and return a» the 


The portions of the current 


General view of stamping press—welding machine line for the Ford rear 


floor pan 
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es 


of the two latter paths are effective in pro- 
ducing the desired welds. That current 
which passes through the top sheet per- 
forms no useful function 


From an examination of these current 


conditions, it will be evident that the series 
welding circuit can best be applied when 
relatively thin material is being welded 
and when the separation between the two 
upper electrodes is greater than some 
minimum value. Otherwise an abnor- 
mally large portion ot the current will 
shunt across the top sheet. The minimum 
separation of the electrodes is large ly deter- 
mined by the thickness of the material 
being welded It should be noted that 
in the ease of the series weld, two spots 
are produced for enc h transformer second 
ary loop. The welding current required 
is approximately the same as that neces 
sarv for one weld with the direct welding 
eireuit 

The center diagram of Fig. 1 shows 
special form of a direct weld as it mat) bw 
used ina large press type welder An ex 
amination of the cireuit will show that 
there are no shunt paths available 
current except those which may 
through previously made welds 
weld is usually necessary when t 
nesses of material are berg 
“pots located close 


atively heavy metal Witl 


eult, only one weld ts produced to 


transformer secondat 
The right-hand d 
s rspecialized 
formers with th 
that the polarity. © 
trodes is alWavs opposit 
shunt paths existing 
still present, they become 
th this arrangement It will bx 
ithough this cireuit produces 
welds, it requires two transformer see 
loops and, accordingly, only one 
nade per transtorn secondar 
The small transformers are usual 
mounted on the stationar upper plater 
il trams 


of a four-post press \ 
+ Fig. 6 Two special resistance welding machines used for producing the Ford 


former used for this application is rated at ; 
roof-panel assembly 


35 kva. and has two individual secondar 


series weld 
machine may 
transformers 
former units is possible bee 
r the pommt where 
This reduces 
econd 
This reduction in e:reuit in 
anee lowers the kva. demand requires 
produce the ll « 
formers In a sing velding machine are 
usually energized simultaneously How 
ever, the controls ean be arranged to fire 
them in groups if power supply is a major 
problem. Frequently the transformers 
are grouped and distributed between the 


three phases of the incoming power supply Fig. 7 General view of one of the roof-panel welding lines 
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7 | 
Fig. 5) Close-up of final welding machine on the Ford rear floor pan line t : 
3 
erreuits Thus, single transto ! in 
produce four spot welds when used vith a 
| | | 
137 


Fig. 8 Close-up of roof-panel welding machine. 


Panel ready for lowering into 


welding position 


The control panels normally used with 
multiple transforme machines are of the 
fully electronic nonsynehronous type em- 
ploying ignitron tubes and « timer (usu- 
ally of the N.E.M.A. 3B type). 

The normal operation sequence of a 
multiple transformer type resistanee weld- 
ing machine will next be described. 


The part to be welded is moved into 
proper position in the press on the rails 
or conveyor, This is usually aceom- 
plished mechanically by suitable auto- 
mation. The bottom platen of the 
press rises, lifting the part on a properly 
designed backup electrode, bringing it 
in contact with the hvdraulically loaded 
guns in which the welding electrodes are 
mounted. These guns are connected 
by jumpers to the small transformers 
described previously. The gun and 
transformer units are mounted on the 


When the 
with the welding 


stationary upper platen 


part is in contact 


Fig. 9 Additional view of roof-panel 

welding machine showing transformer 

connections and hydraulic welding 
guns 
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electrodes, the electronic panel energize 
the transformers and the welds are com 
pleted. The press platen then drops 
returning the material to the rails or 
conveyor The next part moves into 
welding position and, at the same time, 
the part just welded is moved out of the 
opposite side of the press. 


Figure 2 illustrates the general prin- 
ciples of a machine which operates as de- 
seribed in the preceding paragraph. In 
this case, there are two four-post presses 
placed in series. The part being welded is 


the quarter panel of the 1949 Ford. These 


Fig. 10 
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two welding machines make 105 welds and 
have 27 transformers mounted in them 
\ few of the transformers can be seen in 
the upper center of the figure where they 
upper 
In this particular 


are attached to the = stationary 
platen of the press. 
picture, the bottom platen of the press is 
in the up position and the work is in con- 
tact with the hydraulic welding guns 
Figure 3 shows another view looking into 
the entrance end of these same machines. 
In this view, the press platens are in the 
down position and although the hydraulic 
guns are not readily visible, the trans- 
manifolds and 
This 


particular operation does not have as high 


formers, water cooling 


hydraulic lines can be clearly seen. 


a production requirement as some others, 
and panels are normally produced at the 
rate of 150 per hour 

Figure 4 shows a general view of the 
multiple transformer press welders and 
stamping presses used for the production 
of the rear floor pan for the 1949 Ford. — In 
the background, there are three stamping 
presses (one of which is readily visible) and 
with these 


in series presses are two 


multiple-transformer press-type welding 
machines. The material is moved from 
the first stamping press to the end of the 
line entirely by means of suitable auto- 
mation. A close examination of the weld- 
ing presses will reveal some of the hydrau- 
lic welding guns and electrodes near the 
eenter of the last machine. Figure 5 
shows a close-up of the exit end of this 
floor pan line with «a pan elevated into 


welding position in the last machine 
In this view, the hydraulic welding guns 
ean be clearly seen with the eleetrodes in 
To the left 


of the machine is the three-phase elec- 


contact with the floor pan 


First machine in hood-panel welding line 
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tronie panel which controls the welding 
current. 

This floor pan line is an excellent ex- 
ample of the new approach to resistance 
welding equipment. It. is possible for this 
integrated stamping press and welding 
machine line to produce over 300° com- 
pletely assembled floor pans per hour with 
approximately 100 welds in each pan 
This means that the welding machines are 
making about 30,000 welds per hour or 
500 welds per minute 

Figure 6 is a view of two resistance weld- 
ing machines that are used on different 
lines for the attachment of the rear win- 
dow lrame, windshield header, ete., to the 
root panel These machines are a depar- 
ture from the four-post press type pre- 
viously described, but they still utilize 
the multiple-transformer principle Each 
of these machines has 28 transformers and 
makes 110 spot welds 

Figure 7 shows a general view of the 
roof panel welding line with the machine 
of Fig. 6 loeated in the right center of the 
peiture. In this line the roof panels move 
in over the machine and are lowered into 
the welding position 

Figure 8 is a close-up of a roof-panel 
welding machine with a panel in place 
ready to be lowered into welding position 
A number of the transformers and hydrau- 
lie welding guns can be clearly seen in this 
illustration. Particular attention is di- 
rected to the backup electrodes for each 
pair of hvdraulie guns. It will be noted 
that they are arranged to produce series 
welds 

Figure ¥ is another view of this same 
machine ready for operation However, 
in this illustration the rear window frame 
is shown tacked in place by a few spot 
welds before the root panel Is lowered 
into welding position With present 
methods, this frame is placed over the 
electrodes instead of being pre issembled 
This line is capable of welding 200 roof 
panels per hour. 

An example of still another type of 
special-purpose multiple-transformer 
welder which does not involve the use of a 
large press is shown in the next three fig- 
ures (Figs. 10, 11 and 12 In this applica- 
tion, the welding operations on a particeu- 


Fig. 14 


loading position 
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Wheel housing series seam welder with fixture in 
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lar part have been divided among three 
machines placed in series with each other 
As a result, no one machine becomes so 
complicated that maintenance is unduly 


difficult. These three machines are ca- 


Fig. 12 


Fig. 15 


Welding in Automotive Construction 


pable of making approximately 56 welds 
on the hood panel ata production rate 
of 360 hoods per hour. There are 16 
transformers in the three machines. 


Figure 10 illustrates the first machine 


Third and final machine in hood-panel welding line 


Wheel housing seam welder in operation 


hig. 11) Second machine in hood-panel welding line 


This machine attaches the 
side reinforcements to the side flange of 


in the SeTies. 
the hood panel. The reinforcement is a 
channel and can be seen in place over the 
backup electrodes of the machine. This 
particular machine makes 24 series welds 
and has six transformers. 

The second machine (shown in Fig. 11 
attaches the hood inner panel to the front 
flange and top of the outer panel. The 
inner panel can be seen in the welding 
machine before the outer panel has been 
placed in the proper position for welding 
When the machine is operated, the inner 
panel is moved upward and forward into 
position and 20 series welds are made 
This machine has five transformers 
Note particularly the transformer and 
four welding guns located above the hood 
inner panel at the upper right. 

Figure 12 shows the machine used for 
the final welding operation on the hood 
panel. In this machine, the remaining 
welds are made between the inner and 
outer panel at the sides and also through 
the three thicknesses of the outer panel, 
the inner panel and the side reinforce- 
ments These three-thickness welds are 
made as direct welds instead ot series 
welds. This 


formers and makes eight series welds and 


machine has five trans- 
four direct welds. 

The equipment described previously 
is designed for resistance spot and = pro- 


mete. 


However, a great many other welding 


jection welding on body sheet 


processes are used automotive con- 
struction. A particularly interesting ap- 
plication is shown in Figs. 13, 14 and 15 

Figure 13 is a picture of a special 
double head resistance seam welder which 
is used for joining two halves of the 
wheel housing of the 1940 Ford. This 
part is shown at the lower left of the illus- 
tration This seam welder is equipped 
with two welding wheels which are both 
located on the same side of the part bemg 
welded 


used on the other side of the joint Cre 


\ solid copper backup bar ts 


welding wheel Is connected to each side 
of the welding transformer secondary 
The current }Misses one wheel down 
through the work into the copper backup 
and then to the arent under the second 
up through the work into this 
wheel and back to the other side of the 
This is an example olin 


wheel; 


transtormer 
series seam weld in which the eurrent flow 
paths are similar to those described pre- 
viously for series spot welds. This ma- 
chine operates at extremely high speeds and 
is capable of producing ISO parts per hour 
with a 4S-in. long, watertight joint in 
each part. During welding, the wheels 
are traveling at a speed of 200 in. per 
minute; therefore the two wheels produce 
a weld at the rate of 580 in. per minute. 
The welding time per part is five seeonds 
\ continuous flow of welding current. is 
used; ie., there is no “off time.’ 


Figure 14 shows «a part loaded in’ the 


machine. Note that the loading fixture 
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Fig. 13 Special series seam welder for fabricating the 1949 Ford wheel housings 


is swung forward and the clamps are 
raised to facilitate placing of the pieces 
Figure 15 is an illustra- 
actually 


in the machine 
tion showing the part being 
welded. 

\ very interesting new application re- 
sulted from the difficulty of obtaining the 
large sheet sizes required to produce front 


and rear floor pans. The blank size re- 


quired for the front floor pan is 60 x 69 
in. and that for the rearis 70x 86in. Not 
only are sheets of these sizes difficult to 
obtain, but they carry a premium price 
beeause of width extras. [It was therefore 
proposed that sheets of a narrower width 
be welded together to form the necessary 
blanks for the stamping and other sub- 


sequent operations on the front and reat 


Fig. 16 Front floor pan for the 1949 Ford which has been formed from a welded 
blank 
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floor pans fter study, It Was 
decided that : am weld would be the 
most satisi int since it could read- 
ily be ma roth We riight and strong 
enough to stand the severe forming opera- 
tions. The schedule for the two floor 
pan lines required the welding ol 250 to 
300 blanks of each size every hour 


Figure 16 is a photograph ol a com- 


pleted front floor pan made from a welded 


blank will be noted that the weld 
= sl bjected to ex- 


tremely ung 


Figure 17 is an excellent example of a 
high-speed welding operation requiring 
a minimum of manpower. The machine 
in the foreground is used for joining the 
two sheets that form the front floor pan 
_ — blank In the background, there is a 
~ similar machine that is used for the rear 
Fig. 17) Special automatic equipment used for seam welding of sheet steel floor pan blank. The machine in the tore- 
flsor — blanks ground has been averaging a produc tion ol 
over 300 blanks per hour. The actual 
seam-welding speed is approximately 
160 in. or 38 ft. per minute As shown in 
the illustration, only three men are re- 
quired for the operation of this equip- 
ment The two men at the left load the 
individual sheets onto a conveyor. These 
sheets are picked up by the convevor and, 
at the proper time, moved forward into 
welding wheels. The top of the upper 
welding wheel can just be seen at the 
right center of the photograph. Imme- 
diately following the welding wheels, the 
area affected by heat and water is auto- 
matically reoiled and the sheet is then 
earned to the location shown in the ex- 
treme right of the photograph and auto- 
matically stacked Phe man at the right 
observes the operation of the stacker and 
visually checks the welding 
\ -1n pl the seam weld 
This lap is obtained by the use of a Z bar 


Without pretackin preassembly 


Fig. 18 Automatic submerged arc weld- 
ing of the reinforcing ring and cover 
plate to the 1949 Ford rear axle housing 


Fig. 19° Close-up of completed welds on 
the rear axle housing. Clamping device 
swung back to loading position 
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Fig, 20) Close-up of the 


ining the me 


ium-carbon, high-sulphur 


J 
universal joint voke to the propellor shaft tube 


of the sheets prior to welding. The 
separate sheets are automatically forced 
into the Z bar by spring loaded rollers 
in such a wav that exactly the proper over- 
lap is obtained for the seam-welding opera- 
tion. An unusually high weld quality can 
be maintained with this equipment so that 
the serap from weld failures in subsequent 
forming operations is held to a fraction of 
1% 

The various operations deseribed  pre- 
viously all utilize resistance welding proc- 
However, it should not be con- 
cluded that only resistance welding is used 
in automotive construction. As men- 
tioned earlier, are welding is extensively 
used in the fabrication of automotive 
frames. This process is also utilized in 
the manufacture of rear axle housings, 
propeller shafts, ete. The fabrication of 
one modern rear axle housing involves 
flash welding, projection welding, approx- 
imately 56 in. of automatic submerged 
are welding and 12 in. of automatic bare 
wire welding 


Figure 18 is a photograph of the auto- 
matic submerged are-welding operation 
which joins the reinforcing ring and cover 
plate to the rear axle housing. Approxi- 
mately 56 in. of submerged are weld is 
made in this machine. The welding time 
is 28 seconds and an average of 60 hous- 
ings per hour can be obtained from this 
equipment 


Figure 19 is a close-up of a rear axle 
housing after welding with the clamping 
plate swung back to the loading position. 
These welds are required to be absolutely 
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free of leaks and are given a 100% pres- 
sure test 

Another operation of considerable in- 
terest is the weld between the end of the 
2°) in. diameter, 
shaft tube and the medium-earbon, high- 


vein. wall, propeller 


sulphur forging that forms one voke of the 
universal joint. A weld of this type is 
made at each end of the propeller shaft 
tube 

Figure 20 shows a close-up of the sub- 
merged are weld between a voke and one 


end of the tube. Before the weld is made, 
the yoke is pressed approximately '/.-in 
into the tube. Figure 21 is a photograph 
of the production machine used to weld 
the yokes to the drive shaft tube. After 
the vokes have been pressed into the end 
of the tube (this can be accomplished 
on the fixture shown at the front of the 
machine), the shaft is permitted to roll 
down inclined ways into a position under 
the welding heads. On reaching this 
position, the shaft is lifted vertically until 
it comes in contact with the rotating drive 
roll shown in the center of the illustration 
The wire feeds down, the flux is automat- 
ically released, the are starts and the tube 
rotates through the proper number of 
degrees to complete the weld. The tube 
ix then lowered onto the ways and rolls 
out the back of the machine. The actual 
welding time is 7! seconds, and = the 
machine is capable of producing 250 welded 
shafts per hour. 

To summarize the information on weld- 
ing in automotive construction, three 
principal highlights should be mentioned 

(a) Welding has become the primary 
method of fabrication in automotive con- 
struction and practically every known 
welding process is employed 

b) Beeause of the lesser dependence on 
operator skill and its adaptability to high 
production, resistance welding methods are 
preferred whenever applicable 

(c) The recent development of high-speed 
multiple transformer resistance welders 
has greatly facilitated high rate produc- 
tion of welded assemblies at) minimum 
cost. These machines are capable of 
producing welded assemblies as fast as the 
stamping presses operate and permit: a 
straight line flow of material from the 
initial blank to the finished major com- 
ponent, This facilitates the use of auto- 
matic material handling equipment 


Fig. 21) Production machine for welding universal joint yokes to the propeller 
shaft tube 
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by J. Lyell Wilson 


GENERAL 


JHILE there is fairly general agreement that some 
inspection is necessary or desirable in’ most 
construction work, not too much has been said 
or published regarding the guiding philosophy 

for good inspection in general nor with respect to the 
differentiation between self inspection and independent 
inspection. Typical of such a condition is the gener- 
alitv, “‘As in the case of much fabricated work, that 
which is done by a welding process is often required to 
be inspected during the course of construction, either 
by the purchaser, by the manufacturer or by reason of 
(A.W.S. 
mended Practices for Inspection of Fusion Welding, 
1942.) 

However, no reputable) manufacturer) wants his 


some legal code requirements.”’ Recom- 


products or parts of products rejected by an independ- 
ent inspection and therefore such a manufacturer has 
for years included within his organization what is 
referred to as self inspection. This has been true not 
only for welding but also in diversified engineering 
works 


“In any kind of fabrication or construction work, 


Such methods are implied by the statement, 


inspection is made easy or more difficult: (more or less 
effective) as a result of the amount and adequacy ol 
the direct supervision and control exercised over the 
an 


production forces. One of the principal duties of 
engineering (independent ) inspector is to make sure that 
competent and sufficient supervision and an adequate 
system of control are provided; although he should 
not attempt to dictate the details of the system of 
control that lie outside the province of engineering 
(independent) inspection.” (Grover, Manual of Design 
for Are Welded Structures, 1946 

However, of all that has been written, said or pub- 
lished on the subject, the best, most practical and useful 
data will be found in /nspection Handbook for Manual 
Vetal-Are Welding, by the WELDING 


Society, 1945 
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ontrol and Inspection for Quality Welds 


® The proved inspection methods and ideas surrounding their applica- 
tion in shipbuilding. pressure vessels and piping are thoroughly covered 


With regard to fundamental considerations there 
should be no differences as between self inspection or 


independent inspection. However, there is a practical 
difference between them with respect to time, self 
inspection being continuous while independent in- 


While this is im- 


portant in welding and forms a specific part of the 


spection is, at best, intermittent 


following discussion subsequent reference to the in- 
spector implies independent inspector. 

Inspect: To view or examine for the purpose of as- 
certaining the quality or condition, dis- 
covering errors or to oversee. 

Survey: To view with a scrutinizing eve; to inspect 
for a purpose; to examine with reference 
to condition, situation or value. 

In a broad sense by representing the buyer or user 
an inspector is actually an adviser whose main function 
is to interpret specifications for the producer and insure 
a product suitable for the purpose intended by the 
buyer. Codes of acceptability standards, of testing 
procedures and techniques, and of recommended vrac- 
tices are merely the tools intended to facilitate the 
use of inspectional methods and to provide criteria 
for acceptability As such, the availability of some 
code specifically covering a certain product will no 
more insure good inspection of that product than will a 
fine micrometer insure accurate machining of some part 
of that product. However, in the hands of an experi- 
enced and skillful mechanic an accurate measuring 
device is of considerable advantage in producing good 
quality workmanship. But what is more important is 
that, even in cases where no means are readily available 


for gaging workmanship, an expert mechanic will 
devise something for the purpose and thereby become 
what is called a toolmaket 

So, too, should a good inspector with the requisite 
experience be able to meet any situation by first of all 
applying existing regulations with intelligence and 
understanding and if none exist that are directly ap- 
plicable or if those that do exist are vague he should be 
equally able to establish reasonable methods to fit the 
case involved 

Along the same lines of thought it seems appropriate 
to draw a corollary conclusion, viz., since codes are 
made to facilitate inspection for acceptance they might 
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be more useful and perhaps more adaptable if more 
good inspectors were engaged in their formulation. 

The present discussion, however, concerns only the 
inspectional methods and ideas surrounding their ap- 
plication in the production of quality welding. It is 
not the intention merely to discuss the tools of inspec- 
tion, Le., the various material specifications for base 
materials, the qualification requirements for electrodes, 
the qualification requirements for welders, the work- 
manship code requirements for various products such 
as boilers and other pressure containers and piping, 
ete. All of these are readily available and may be 
studied more leisurely like any manual on the use of 
the micrometer, slide rule or other useful tool. It is 
also the intention to explore, in this discussion, experi- 
ence in the application of sueh codes or tools in the 
field of welding 

The field chosen is that of metal are welding in ship- 
building, pressure vessels and piping but the  phil- 
osophy developed by the discussion is general enough 
for other fields of application. The views expressed 
wre not individual but are the studied interpretations of 
a Composite group of those experienced in the applica- 
tion of the principal welding codes 


Top (exposed) view of butt weld in bulwark rail 
bulb angle 


hig. 3) View of broken joint showing short heavy slug 


In accordance with the almost universal plea let it 
be clear at the outset that few if any inspectors like the 
term, “production welding,” because it implies quan- 
tity or rapid production. The expression is therefore 
used only to describe on-the-job finish welding —but 
good. 


ORGANIZATION 


Since the character of any organization reflects that of 
its Chief Executive, it seems obvious that no producer 
can be expected to turn out quality welding unless that 
company’s top management really is welding minded 
and includes those who have sympathetic understanding 
of certain fundamentals necessary for the production 
of good welding practices. With management of such 
a character there will be teamwork, not only between 
designers and production personnel, but also between 
management and company inspection which will be 
unhampered by conflict between different crafts and 
unusual personalities. And the inspection department 
will be effeetive in such an organization so that no 
outside inspector will ever feel the all too common 
challenge: “We'll lay vou ten te one you can’t find 


where we loused up the job.” 


Underside view of weld in Fig. I 


hig. 4 Etched section view of Fig. 3 


Figs. 1-4) Welded butt joint in bulwark rail bulb angle 


red relatively unimportant. Nothing 
mts. 


nped together. The final 


part of the specimen including the “slug.” together with Fig. +, the m 
« the voids in the welding of this joint. illustrate one of the worst examples of careless work with almost comets te absence 


and penetration 
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pra The failure of this joint. which had been “slugged.” resulted in a major and almost complete casualty. 
a Figure | shows the upper (exposed) surface of cracked joint as it appeared when the two parts of the specimen were cla 
rae welding passes give no clue to the poor condition on the underside nor the potential danger of the internal condition. 2 
bia Figure 2. the underside view. shows complete lack of proper cleaning and absence of reot pass. The probabilities are that this bulb angle molding 
was ant now in welded construction. especially on members of any kind located 
on the oute 
section, etched to she 
of fusion 
a 144 
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Even before the general adoption of welding as a 
means for joining parts of structures, it was the fixed 
policy of the more reputable companies to so organize 
their own inspection departments that an cutside 
inspector would never find the same fault twice 
As a matter of fact so well were these activities or- 
ganized that inspectors from agencies outside the 
company had little to worry about beyond their own 
reports and acted mainly in a consulting or advisory 
capacity. 

That tvpe of organizing means good welding be CHUSE 
welding more than any other process requires the ut- 
most in control. For example, it has been found by 
experience that, even when welders and foremen are 


convinced (after) many mysterious difficulties 
failures) that it is absolutely necessary to follow a 
specified procedure in welding, there is still a decided 


tendency for many, who consider themselves good 


hig. 6 Macrograph of section at crack in 
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welders and would not stoop to outright cheating as by 
slugging, ete., to show little or no hesitancy in following 
some short-cut methods of their ewn conception. They 
probably think either that their own method is better 
or that any resultant minor defects would never be 
This is not good welding 

the production of good 


known 

To summarize, therefore, 
quality welding requires proper and continuous control 
of design, materials, procedure and technique applied 
to every step required in the production of any given 
product. Such control requires careful planning and 
the complete cooperation of a well-organized personnel. 
It also requires continuous supervision and shop in- 
spection so set up as to be really effective. Finally 
the entire organization should be motiy ited by a 
definite policy that everyone on the team shall function 
for the primary purpose of producing good quality 


welding 


Fig.7 


These macrographs illustrate the manner in which the microerack 
which always forms at the bottom of plug-weld sockets progressively 
results in total failure 

5 udinal (tube axis) section at foeal point of failure. 


Figure 5. 
Figure 6. verse (circumferential) section at same focal point 


Macrograph at crack in opposite end 


tig 
acteristics emphasizing the notch-like formation at 
the plug. These are especially pronounced because of such 
weldments= 


Figs. 5-7 Sectionalized part of plug 
weld formerly used on heary tube 
stock and plate attachment of 
rudders 


Of course such an organization 
will employ only qualified personnel 
and train its own supervisors and 
mn pectors | esides the welding 
operators vhethet previou ly quali 
fied or not. It 


phasized that one important un 


should be em 


written operator qualification 
requirement is the necessity to fit 
into an organization such as that 


$ described 


ehar- 
hig. 5) Macrograph of crack at corner of plug weld . 
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DESIGN 


Whatever the structure or product may be, if it is to 
be fabricated by welding, its production by good weld- 
ing begins on the drawing board. Proper design surely 
helps the welder but to a much greater degree it facili- 
tates the work of inspection. For example, on the 
point of accessibility alone, if it is difficult to weld a 
joint because a welder cannot reach it and see it and 
relax at the same time, it is equally difficult to inspect 
it and what is worse it is impossible to expect and get 
good workmanship as a result. In other words and 
again quoting Grover, ‘It must be borne in mind that 
the operator will be wearing a helmet: also that elec- 
trodes for vertical and overhead welding are 14 in. in 
length and those for downband welding are 18 in. in 
length.” Gouging and re-welding in confined spaces 
frequently makes the result progressively worse rather 
than better so that in the final analysis in such cases 
the inspector is foreed to compromise with acceptance 
of relatively poor workmanship. 

Similarly if designers cannot overcome the urge to 
develop new and unorthodox types of joint details as 
compared with those of the simplified and recognized 
standards let them concentrate on improving some of 
the annoyingly difficult details such as the permissible 
expediency of using chill rings in pipe joints without 
definite specifications for absolute control. In any 
case it should be mandatory that designers, who insist 
upon toying with the ordinary standard joint details, 
should themselves be required to demonstrate that any 
such new joint can be welded satisfactorily before it is 
permitted but with the added proviso that such a de- 
signer shall do all the welding while curled up in a small 
packing case or otherwise demonstrate ease of execu- 
tion 

Design should develop along lines of simplification 
even if it be necessary to change the general form or 
appearance of a product. In order to minimize the 
number of welded joints necessary to finish a product 
every effort should be made to use the minimum number 
of parts by making the fullest use of machining and 
forming methods such as flanging: avoid the use of 
plug welds and always provide for accessibility so that 
all welding can be done from both sides as it should be 
done; avoid the use of any welded joints at a point of 
abrupt discontinuity of section; consider the use of 
prefabricated subassemblies at complex structural 
intersections; and above all treat with serious concern 
any lightest attachment of insignificant fittings be- 
cause by careless treatment total failure sometimes 
results. Whatever welding is to be done call for it to 
be good standard quality welding, thoughtfully planned 
with knowledge that it can be done well, and thereby 
learn that good welding depends first on good design. 

Learn to design structures without the use of dou- 
blings for reinforcement; these were developed only for 
use in riveting. If reinforcement is necessary, avoid 
inserts and insist on the proper tapering of the thicker 
to the thinner member without skimping to provide for 
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a proper joint at the thinner material section. This is 
good design and it makes for good welding. 

Specify in detail all welding data wherever welding is 
called for and do this by using standard symbols 
This is good design and it makes for good welding. 

Design should not be considered as final until it 
has been reviewed critically by both the General 
Superintendent and Welding Engineer or their equiva- 
lents. In other words good welding depends on team- 
work as much as, if not more than, anything else 
Obviously if design calls for something contrary to the 
ideas of those who supervise the work or beyond the 
capabilities of these who perform the work the in- 
spectional problems will be almost insurmountable. 

In other words, while good design is a first necessity 
for the production of good welding, the execution of that 
good design requires teamwork, fundamentally, con- 
tinvally and literally. If the entire organization 
from the student welder, helper or tack welder up 
through the General Superintendent, General Manager 
and including the President and the Board of Directors 
With- 


out some such teamwork no inspector can hope for good 


is “welding minded,” this means good welding. 


welding but every inspector can help create such team- 
work. 

An old but good philosophy to follow is: 
your work, work vour plan.” 


“Plan 


MATERIALS 


The base materials used in the construction ot 
most structures are purchased from the steel mills 
under recognized standard specification desig- 
nated by the purchaser or his designer or consulting 
engineer. In many cases such as for ships’ hulls and 
their boilers the choice of such specification require- 
ments is limited to those approved by some regulatory 
bodies. The requirements of such regulatory bodies 
are also sometimes referred to as codes but it is more 
desirable that they be designated as Rules or Regula- 
tions and that the designation Code be reserved for 
that which is promulgated by an organization having 
no part in the administration of such standards 
Accordingly, Codes may be administered by independ- 
ent agencies while Rules or Regulations are enforced 
or administered only by representatives of the regula- 
tory body by which the Rules were promulgated. Al! 
standards and recommended practices published by 
the AMERICAN WELDING Soctery are Codes in the sense 
understood in this discussion. 

Such Codes are frequently adopted by regulatory 
bodies as part of their Rules or Regulations and this 


procedure is particularly true as applied to materials, 
electrodes, procedures, ete., for the building of ships, 


boilers and marine equipment. 

In the cases of such structures the material specifica- 
tions generally follow those of the American Society 
for Testing Materials or simulate them to a considerable 
degree. While most of this material is tested at the 
mills by representatives of the regulatory body none 
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or very little of it is seen by independent inspectors, otherwise unsuitable in spite of any prior acceptance on 
except for boiler steel plates, until it arrives at the physical testing. 

shipyard. It is of the utmost importance therefore in Generally speaking there are relatively few occasions 
such cases to understand clearly that any steel in this 


category is subject to rejection if found defective or 


when such action becomes necessary, the most common 


causes being laminations and sulphur segregations dis- 
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These are illustrative of some of the most commonly used edge Sachin j 
prepa as shown on detail drawings and as sectionalized after ° e 
welding the average routine procedures. These are not intended a 


| 
| | 
to be indicative of ideal welds but rather to convey in some measure | | } 
the idea that even some of the recognized standards are difficult to | | 
produce well in production (see (4) of Fig. 8) and to discourage the un- Monue! ist | 4 ; \ 


controlled invention of more complex designs of edge preparation. 


Figure Il 


Figs. 8-11 
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closed during cutting or welding. Since by far the 
major portion of material used in this industry is erdi- 
nary mild steel the problem of weldability and standard 
qualification procedure has not been too acute except 
as it is developing in the greater use of low alloys in 
engineering materials particularly for use at elevated 
temperatures. 

Singularly enough the characteristics the per- 
formance of mild carbon steel have recieved tremendous 
attention for the past five vears. This scrutiny has 
been directed not so much toward the effects from 
welding as to the phenomenon of crack propagation in 
monolithic structures. The scope of these investiga- 
tions includes fundamental research applicable as well 
to all types of structures and especially to those sub- 
jected to low temperatures in service 

From the point of view of inspection at the place ot 
fabrication, materials should present few problems ss 
regards the choice of type to be used because such 
things should be completely covered by the design 
specifications. Nor should they be particularly difficult 
with respect to Standard Procedures since these details 
together with electrode designations and joint details 
should always be clearly given on the design. But 
What is of paramount importance to material inspeetion 
is that welding should not be performed on anything 
having indefinite identification. This can be assured 
only by a proper methed of classification and identi- 
fication of all materials received and stored together 
with complete records of tests carried out at the mills 


to show compliance with designated specifications. 


ELECTRODES 
Since it is the practice of regulatory bodies to issue 
lists of electrodes approved by them for specific pur- 
poses this phase of the problem need be of no special 
It should be 
emphasized, however, that all inspectors cn welded 


concern as such to inspection personnel. 


construction should not only be familiar with standard 
specifications for iron and steel are welding electrodes, 
but also that they should have some experience in the 
application of these standards by way of the testing ot 
such electrodes for appropriate qualification. Ob- 
viously through such experience inspectors will become 
better acquainted with the details regarding type 
designations and specific applications of a given elec- 
trode and be thereby better enabled to understand the 
purpose for which each is intended to be used or the 
preper conditions surrounding its use. 

Apart therefore from the routine necessity of checking 
the types of electrodes being used against those speci- 
fied in the design and procedure specifications the 
greatest concern on the part of inspection with regard 
to electrodes has to do with two major factors —first, 
the conditions under which electrodes are stored and 
second, the verification of the conditions under which 
each electrode is being used on the job. 

With regard to the storage of electrodes, it should be 
said that on numerous occasions improper storage has 
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been found to be the primary cause for complaints 
regarding the suitability of a given electrode in its per- 
formance on the job. Accordingly it can not be over- 
emphasized that the storage of electrodes should receive 
the careful attention of all inspection personnel in order 
to insure that electrodes will not become substandard 
in quality before they are used, 

In connection with the conditions under which a given 
electrode is being used, inspectors not only have avail- 
able the characteristics of each electrode but they also 
should see that a definite procedure is specified on the 
design and has received the approval of the appropriate 
regulatory body and then they should make sure thet 
such a procedure is carried out in every respect. Famil- 
iarity with standard qualification procedures on the 
part of the inspectors is not only desirable but of the 
utmost importance in cases where it may be found that 
approval has been given to a procedure which departs 
in some respects from the standards. 

Inthe event that recognized standard qualification pre - 
cedures are not to be adhered to because of alternatives 
in connection with the design, it seems obvious thet 
inspection personnel should be concerned with deter- 
mining whether or not such alternative procedures have 
also been tested and found satisfactory. other 
words, it may be seen that quality control involves an 
over-all procedure which may be compared to a chain 
and unless each link is carefully scrutinized in such a 
chain there is no assurance that a discernible defect 
does not exist. This will probably result in the weak 
link causing failure. 


WELDERS 


The qualification of welding operators has been from 
time to time one of the most troublesome factors in the 


application of welding. The importance of the welders’ 


status in the problem of control was at first considered 
paramount, but has decreased to the extent of being 
replaced by considerations of qualification procedure 
which are becoming more standardized and which are 
more or less coupled with the qualification of operators 
The technical aspects of these two problems are suffi- 
ciently well presented in Code form by the AMERICAN 
WELDING Soctery as to need no further elaboration 
It seems much more important, however, to deal with 
some of the annoving problems associated with this 
necessary inspectional activity. 

For example, while it may be a simple matter to 
handle the qualification of operators through such 
agencies as referred to as regulatory bodies there are at 
times many difficulties in the independent fields and 
even in municipal activities through what appears to be 
complete misunderstanding as to what operator quali- 
fication means. 

In the first place too much emphasis cannot be placed 
upon the consideration which has been reiterated on 
numerous occasions that the qualification of an opera- 
tor at one place does not necessarily qualify him for 
another place. Substitute in the foregoing sentence 
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another word such as “job,”’ “plant,” “industry,” ete 
and the answer is still the same, namely, that an opera- 
tor should demonstrate his ability to perform the partic- 
ular work on which he is to be emploved and unless he 
has recently qualified or has been continuously engaged 
on that specific type of work in that particular plant or 
place or industry, he should submit to retest for re- 
qualification 

Some plant managements seem to think that it is 
necessary only to screen new applicants for jobs by way 
of accepting only those who have evidence of previous 
qualification whereas every effort has been made among 
the regulatory bodies to avoid giving welding operators 
any certificate or other means of claiming qualification 
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In 


Current, 


requirements insist, as previously stated, that quali- 
fication is intended to be strictly a local matter between 
the management and the regulatory bodies 

Actually the principle underlining considerations of 
simple and should be clearly 
that 


this kind is perfectly 
understood It 
as important that the work of each welding 


involves the fact such agencies 
regard it 
operator be definitely established as in compliance with 
a given standard and that a welding minded manage- 
ment would no more be 
knowledge of such a factor than they seem inclined to 


be with regard to accepting materials of unknown origin 


content to accept indirect 


a welding-minded 
the 


or characteristics In other words, 
management should be sufficiently 


production of quality welding that they would diligently 


interested in 
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pursue a policy of examining all new applicants as weld- 
ing operators and even if they are found in conformity 
with standard qualification tests they would train them 
to fit their particular procedures and methods before 
placing them on production work. 

By the general adoption of such policies a consider- 


able benefit would acerue to the welding industry if 
for no other reason than that it would have a very strong 
tendency to obviate the necessity for setting up inde- 
pendent laboratories, even in municipalities, for the 
purpose of checking welder qualification in order that 
such men can apply for a job. Even if such activities 
are a necessary part of Building Code specifications, it 
should be emphasized that the procedure is wrong in 
principle and all reputable manufacturers or contrac- 
tors should realize the importance of controlling opera- 
tors within their own organization. 


INSPECTION 


The practice of inspection is not peculiar to the weld- 
ing industry as such but has become more or less routine 
with practically all important structural work by way of 
independent inspection and has for years been the rou- 
tine practice of most well-regulated industry by way of 
self inspection. In its application to the welding in- 
dustry, inspection has perhaps become somewhat over- 
emphasized. Perhaps this is because of some of the 
facts already enumerated whose exposition was intended 
to show that the control of the welding processes for the 
purpose of production of quality welding is so depend- 
ent upon continuity of effort along inspectional lines 
Such considerations might lead the thoughtless to con- 
clude erroneously that welding cannot be as reliable a 
means of joining structural materials as other processes 

On the contrary it seems reasonable to conclude that 
a careful consideration of the advantages to be gained 
by the use of welding processes would be more than 
enough to warrrant a change from the attitude of smug 
complacency to that of an earnest desire to become 
welding minded and care sufficiently for the details as 
to insure quality commensurate with the importance 
of a particular product. After considerable experience 
with inspectional methods and making use of all of the 
various recognized testing procedures, it seems appro- 
priate to admit frankly that there are no short-cut 
methods or trick devices by which an inspector can 
detect any flaws beyond surface conditions by ordinary 
visual examination. Under the most favorable cireum- 
stances the best that any inspector of welding can hope 
to accomplish is conscientiously to carry out a thor- 
oughly planned procedure making use of all the appli- 
cable methods of testing appropriate to the job or as 
called for in the specifications. After having done this 
and having throughout exercised good sound engineer- 
ing judgment and an unbiased interpretation of re- 
quirements and testing results in a spirit of cooperation, 
the inspector may then feel that the appropriate quality 
of product has been attained. 


Even though all available testing procedures are a 
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best merely random checks against a given standard, 
it must not be assumed that such methods are peculiar 
to the welding practice, because all testing and all in- 
spection is based on one principle—sampling methods 
based on probabilities. 

It is important for inspection personnel to approach 
each new project with the idea that a satisfactory sched- 
ule of activity or inspectional procedure is just as 
necessary in that work as it is in the design, the quali- 
fication procedures, the techniques of welding, the 
supervision and control of the work and everything that 
has been said in the foregoing. Typical of what should 
be done in each such case is given in the following out- 
line of the general application of the three main sub- 
divisions of inspection procedure : 


A. Procedure Inspection 
1. Prior to Welding: 
(a) Base Metal Quality: 
Chemical Characteristics 
Physical Characteristics 
Flatness or Form 
(b) Base Metal Defects: 
Cracks 
Laminations 
Blisters 
Other Surface Irregularities 
ce) Fitting or Joint Fit-Up: 
Edge Preparation 
Root Opening 
Cleanliness 
Tacking and Backing 
Fabrieation and Assembly: 
Templates 
Jigs and Bracing 
Special Setups 
Dimensions 
During Welding: 
a) Preheat and Interpass Temperature 
b) Root Passes 
(ec) Preparation for Backing Pass 
(d) Welding Backing Pass 
e) Cleaning Between Passes 
f) Appearance Check 
gq) Cheek with or Variations from Approved 
Procedure 
3. After Welding: 
(a) Post Heat, if any 
(b) Recheck Corrective Work 
(c) Finish Peening, if any, but only after Ac- 
ceptance Testing Requirements are satis- 
fied 


te 


~ 


‘ceptance Inspection 

1. Special Requirements (Proof Testing) : 

a) Codes or Regulations such as Hydrostatic 
or Pressure Testing to develop all de- 
fects not otherwise readily detectable 

Destructive Testing: 

a) Chemical 

(b) Physical 

c) Metallographic 

3. Nondestructive Testing: 

a) Visual Inspection 

Surface Appearance 
Dimensional Check 
Check with Standard Shape 
(b) Examination for Surface Defects: 
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Penetrating Oil analysis 
Magnetic Particle analysis 
c) Examination for Internal Defects 
fadiography 
(. Inspection of Corrective Welding 

1. Preparation for Welding 

2. Supervision During Welding 

3. Inspection After Welding 

\ wise inspector will build up mutual confidence with 
the inspectors and supervisors of the manufacturer to 
the end that they might collaborate smoothly in such 
an important undertaking as that implied by the fore- 
going outline. This course would be followed uncon- 
sciously by an experienced inspector and it is of such 
tremendous importance that it leads one to amplify 
some of the published qualifications for a welding in- 
spector. For example, if the previous statement be true 
then obv iously it would be better to give an experienced 
inspector training in the fundamentals of welding than 
it would be to start with an expert in welding and hope 
by brief training to make him a welding inspector as is 
the custom. In this connection, it is important to em- 
phasize the fact that an experienced inspector's attitude 
commands respect and since most of his decisions are ot 
necessity called for in borderline cases there will be no 
lack of confidence in his careful, impartial, consistent 
and impersonal judgment 

While the experienced inspector should exhibit in- 
finite patience and not refuse to listen to the views 
of others nor be argumentative he should nevertheles 
be firm in his convictions. He will at all times show 
intelligent understanding of the requirements he = is 
attempting to administer. Obviously, he must study 
continually every detail of the job in hand and its 
functioning in the general scheme of things. To such 
an extent must he follow this practice that he shall 
even be in a position to find it possible to suggest 1m- 
provements in some of the details given him in design 
and even some of the standards presented to him by way 
of Code specifications. 

Thoreau is said to have philosophized “Our life is 
frittered away in detail,’ but that may explain his 
seeking a life of seclusion to avoid reality The older 
philosophy, the very contrary of Thoreau, will be found 
more realistic because it cautions us, “To take care of 
the little details and the big things will take care of 


themselves.” 
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® Careful control in manufacture of resistance welding electrodes and 
their inspection by the purchaser insure better service and longer tip life 


by D. J. Rahn 


HE blessings that are American were 
forcefully emphasized recently while 
talking toa representative ota I rench 

manufacturer of resistance-welding equip- 

ment The Frenchman kept steering the 
couversation mmto the paths of electrode 
cooling, refrigerants, water supply and 
currents required lor maximum 
penetration It «ke veloped that his intense 
interest in American methods of die cool- 
ing was motivated by the fact that in 

France + deprived ol chromium, bery llium, 

tungsten, ete practically all resistance 

welding employs electrodes of pure copper 

If we were forced to accept such limita- 
tions it would place this form of fabrica- 
tion back twenty-five vears. Even prior 
to that various elements had been alloved 
with copper tor welding-contact purposes 

Today the addition of cobalt, beryllium, 

chromium, nickel and others has resulted 

in materials of satisfactory current-carry- 
ing properties with high vield strength and 
high temperature at which it resists de- 
formation 

Outstanding progress, too, has been 
made toward better contact material for 
special welding applications with the in- 
troduction of powder metallurgy. This 
new screnec is applied to the welding In- 
dustry by eleetrode manufacturers em- 


ploying compounds containing copper 
powder and such materials as powdered 
tungsten, molybdenum or their carbides, 
utilizing the high melting point of the 
hard materials with the high thermal and 
There- 


fore, we slowly approach that probably 


electrical conductivity of copper 


never-to-be-attained theoretical ideal —an 
electrode combining the electrical conduc- 
tivity of silver with the compressive 
strength of tool steel. 

As higher tensile and heavier gage stock 
is constantly being welded by the resist- 
ance method and heavier burdens placed 
on the electrodes, in the interest of econ- 
omy fabricators are giving more thought to 
two phases of their electrode question 
First, a strict laboratory inspection of the 
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purchased material and, second, rigid con- 
trol of shop practices and engineering set- 
ups. 

The copper metal powder tip material, 
which we are considering here and attempt- 
ing to point out conditions and practices 
which affect economy, IS the one most ¢ hie 
monly used, the copper-tungsten mixture 
The most widely aecepted method of man- 
ufacturing this product is to first press the 
copper and tungsten powder into bars and 
presinter them. Next, the bars are heated 
by their own resistance by passing current 
through them until the center has nearly 
reached the 
reach a heat of from 4500 to 5800° F 


The bars are then pressed hot in a hydro- 


melting point This may 


gen atmosphe re until the ce sired compact 
is attained The various heat-treatabh 
alloys of RWMA Group A, which in many 
RWMA 


Group B (the sintered powders), are not 


applications are superior to 


being underrated here however, where 
an extremely high working temperature 
is necessary, though never ideal, and tool 
design and clearance limitations forbid a 
solid, removable tip, the copper-tungsten 
sintered material brazed to a suitable back- 
Ing-up member Is the seceptable answer 

There are few companies in the United 
States engaged in the manufacture of 
sintered copper materials. Their job is 
definitely a critical one Those the writer 
has visited are thoroughly conscious of the 
nature of their product and exert extreme 
control throughout the process of manu- 
facture, trom a rigid Inspection of particle 
size and purity of the powder through 
pressure and temperature during sintering 
However, it is no reflection on the integ- 
rity of the vendor for the purchaser to 
check thoroughly the quality of this ex- 
pensive item before it is pl wed on the job 
Shops lacking laboratory testing equip- 
ment may obtain this service from an in- 
dependent testing organization. 

A cheek of this sort to determine the 
properties of the tip material is beneficial 
in two ways. It not only decreases costs by 
rejection of all material not falling within 
acceptable standards but, by acquainting 
the manufacturer with the fact that close 
check is made, results in his producing 
or at least delivering to the eritieal cus- 
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tomer —a superior, more uniform product. 
Incidently, tip material is usually pur- 
chased to conform to RWMA standards 


as to proportional limit and tensile 
strength, conductivity and hardness The 
writer has observed an increase of hardness 
from 95 Rockwell B, on material received 
before rigid inspection, to 105.5 Rockwell 
B after the manufacturer was made fa- 
miliar with the fact that a 100% check was 
made on his product for hardness, particle 
size, distribution and conductivity 

The photomicrographs in Figs. | and 2 
illustrate the advantage of close check by 
the customer Both specimens Were re- 
ceived in a single shipment. They were 
eut from briquettes of copper-tungsten 
(RWMA Group B, Class 11 , in. diame- 
ter by & in. long. The tungsten was 
etched and the magnification is 1500 x. 
The hardness of the specimen shown in 
Fig. 1 was 105 Rockwell B It is small 
grained with well interlocking particles 


and had a conductivity of 20% of copper 


The specimen shown In Fig 2, in contrast, 
was 95-97 Rockwell B, uneven and low in 
hardness, with large, poorly distributed 
tungsten particles. The conductivity of 
that in Fig. 2 was 27% of copper. Both 
were acceptable to RW MA standards and 
fell within the manufacturer's specifica- 
tions for this alloy; however, a substanti- 
ating check on the 


proved the specimen in Fig. | much su- 


production floor 


perior to that in Fig. 2. Specimen slugs, 
cut from the same bars adjacent to the 
specimens Ust d in the micro-examination, 
were used on the same production job 
The harder, closer grained specimen in 
Fig. 1 remained in operation nine days, 3 
shifts per day, while that in Fig. 2 remained 
in operation only four days of three shifts 
each and one additional shift on the fifth 
day. Both tips fabricated identical pile- 
ups. Machine settings were unchanged 
and the same three operators performed 
the work. The study was taken up with 
the supplier and resulted in his delivery in 
subsequent shipments of a more uniform, 
harder product 

It should not be implied from the fore- 
going that hardness is necessarily relative 
to particle size. The compactness and 


composition governs this, although small, 
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Fig. 1 Small grained, well inter- 

locking particles of copper-tungsten. 

Gave excellent service. ungsten 
etched. 1500 * 


tightly cemented particles free from poros- 
ity and inclusions give the best service. 
Neither should it be implied that the 
harder the tip material, the longer its life. 
Copper-tungsten metal powder products 
are lacking in ductility and this brittleness 
increases with use. In heavy welding mul- 
tipile-ups of, say, three pieces of 0.200 high 
tensile 18-8, where a 1-in. diameter tip is 
used, the softer RW MA Group B, Class 10, 
is often superior to the harder Class 12. 
Class 10 material seems better able to re- 
sist deformation and resulting tip crack- 
ing. 
high electrode pressure makes ductility of 
important. 


In these heavy jobs, the necessary 


the tip material extremely 
However, when thinner material is being 
welded and consequently lower tip pres- 
sure used the writer has observed that the 
harder tips are much more economical. 
For example, a '/:-in. tip faced with cop- 
per-tungsten with a Rockwell hardness of 
B94-96 lasted for one shift while those of 
B 102-104 remained on the tool 2'/, shifts 
under identical conditions. 

Inspection, 
ture study, 
checks pay off, too, in the selection of new 


compromising microstruc- 


hardness and conductivity 


vendors of tip materials. Manufacturers 
are constantly making claims for new or 
improved products and new manufactur- 
ers (or at least new vendors) are presenting 
their wares to the electrode-consuming 
public. Such a case is illustrated in Figs. 3 
and 4. photomicrographs, at 
1500 X magnification, of a sample sub- 
mitted by a new vendor of a product of 
which phenomenal claims were made. 
Figures 3 and 4 are the same specimen, 
Fig. 3 etched to reveal the copper and Fig. 
4 the tungsten. The metal powders are 
large and poorly distributed and because 
of this the customer was sceptical of the 


They are 
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Fig. 2 
distributed. 
rial unsatisfactory. 


Large tungsten particles poorly 
{ life test proved mate- 
Tungsten etched. 
1500 


material despite the fact that hardness and 
conductivity were satisfactory according 
to RWMA specifications. A life test was 
run on this material in the shop, and the 
laboratory theory that poor distribution 
of the powder particles and variation in 
size, shown to exist in the microstructure, 
mean unsatisfactory tip life was substan- 
tiated. In use, marked mushrooming oc- 
curred. It required constant dressing and 
was removed from service after 1500 welds. 

Figure 5 is a photomicrograph at 1500 
X< of copper-tungsten which gave excellent 
service. 


Fig. 4 Same as Fig. 3, except the tung- 
sten was etched, 1500 
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factory 


Fig. 3 Tungsten particles large and not 
compact. 


Unsatisfactory service. 


copper was etched. 1500 * 


Thus, an attempt has been made to 
emphasize the importance of strict control 
of accepted material by close check on 
hardness, conductivity and microstructure 

In considering the prolongation of tip. 
life, the purchase of a satisfactory material 
is only an introduction. Through shop- 
abuse the finest electrode can be rendered 
worthless. Especially in the sintered 
products must the variables be controlled 
to exactness. It should be written in 
letters a mile high ‘Keep Them Cool.” 

Copper-tungsten breaks down at high 
temperature and the copper constituent 


The microstructure of satis- 
copper-tungsten. Tungsten 
etched. 1500 


Fig. 3 
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diffuses causing either mushrooming or 
depositing of copper on the stock being 
welded This material is brittle at. best 
and when part of its copper has been re- 
moved ductility is even less. Cracking 
from the edges toward the center or center 
cracking is the result 

Because of this brittleness it must have a 
hard base, and hence the backing-up ma- 
terial must be firm. Excess heating here, 
too, alters the properties of this copper al- 
loy to a point where it is unable to take the 
stress of the constant hammering of the 
harder facing material during the weld 
W hen this occurs the bac king-up mate rial 
deforms, and the harder copper-tungsten, 
lacking « firm seat, cracks. Figure 6 is a 
macrophotograph of a typical electrode 
failure due to weak backing-up material. 
Center cracking usually indicates this, 
while cracking from the edge toward the 
center is the result of subjecting the elee- 
trode to a higher working temperature 
than the material will allow 

Keep the electrodes cool by adequate 
internal water cooling, and use the largest 
diameter water hole practical. For exam- 
ple, a tip?) in diameter, 2 in. long over- 
all made of a Group A, Class 2 copper al- 
Joy, faced with Group B, Class 11 copper- 
tungsten, should carry a water hole of not 
less than ! in 


diameter, l in deep 


The remaining '/: in. includes '/, in. cop- 


per-tungsten. The end of the drill point 
should not be closer to the copper-tungsten 
than '/, in. (in this case) due to the neces- 
sity of a strong backing-up face discussed 
above. 

Itisa great temptation lor maintenance 
men to braze a much longer length of cop- 
per-tungsten to the tool than is necessary 
for immediate reaction, as the longer the 
piece the less Irequent the need for re- 
placement. When an excessive amount of 
sintered material is applied it not only 
decreases the conductivity of the tool but 
places the water chamber farther away 
than necessary from the contact surface 

Keep the tip material cool while brazing 
Dies of the screw in type, or removable 
tapers, offer a distinct advantage in that 
they mav be brought back to the shop to 
be retipped. Stationary types must be 
brazed on the job In a maintenance shop 
conditions are more readily controlled and 
induction heating may be employed; how- 
ever, a skilled operator equipped with a 
portable tank can flame solder the copper- 
tungsten to its backing-up member quite 
efficiently In all brazing both material 
to be applied and material on which it is 
applied must be kept at the lowest possible 
temperature 


Fig. 6 


The writer finds the following technique 
for brazing copper-tungsten to a Group A 
alloy shank satisfactory: 


First, remove the old slug with a mini- 
mum of heating of the tool 

Clean the backing-up member where 
the sintered material is to be applied and 
check for flatness 

Check the flatness and cleanliness of 
the slug to be applied 

Heat slug and tin it 

Heat 


brazing flux 


backing-up member, apply 

Place slug in position and align it. 

teheat if necessary 

Disconnect air pressure on the ma- 
chine, then apply the slight pressure of 
the weight of the tool by allowing the 
electrodes to contact The weight is 
usually sufficient toseat the joint. 

Dress sides to remove excess flux 

Dress dies to required radius 

In heating the slug and backing-up 
member, care should be exercised in 
keeping the two materials below the red- 
glow heat 


Macrophotograph of an electrode which cracked due to weak backing-up 


material, 3.15 & 


In conclusion it may not be pedantic or 
hackneyed to recall some recommendations 
which aid materially in increasing tip life 
although they are as old as the resistance- 
welding industry. 

Never apply the welding pressure with 

a hammer blow. Easy pressure allows 
the tip to receive the strain without de- 
formation 

Never seal the base of a taper with a 
material low in conductivity (as white 
lead Use a grease manufactured for 
this purpose, or better still have a good 
fit 

Do not compensate for misligoment of 
material by increasing tip force 


Copper-tungsten is an expensive prod- 
uct, expensive to manufacture and expen- 
sive to the customer. Economy may be 
achieved by handling it with the same 
respect we give silver or gold or the dia- 
mond point on the Rockwell machine. It 
is hoped that some economy may be ef- 
fected by a study of the product's micro- 
structure and application on the job 


May 1949 


Rahn 


Prolonging Electrode Tip Life 


4 
in 
j 
455 


The American Welding Society 


® Its purposes, objectives and methods of operation 


by J. G. Magrath 


EBSTER, among other definitions, provides as a 
meaning of the word “society,” the following: 
“The relationship of men to one another when 
associated ; a body of persons united for the 
promotion of a sound object, either literary, scientific, 
political, religious, benevolent, convivial or the like; 

an association for mutual profit, pleasure or usefulness.”’ 

Aside from the political and religious aspects the 
AMERICAN WELDING Society certainly aspires to and, 
in results, succeeds in achieving the greater number 
of these services to its members and to industry. 

During the First World War, in order to consolidate 
the then available knowledge in welding, the Emergency 
Fleet Corp. formed a “Welding Committee” unit. 
After that war it was indicated that an organization 
was required which would foster and encourage the 
welding developments resulting from the activities of 
that Welding Committee. As a result the American 
WELDING Society was formed in 1919 with a total 
membership of 217. Today it is an organization of 
invididuals and of various company representatives, 
either users, manufacturers or sellers, and comprising a 
membership of 7400 at the end of 1947. 

In 1932 the Soctery was incorporated under the 
membership corporation law of the State of New York 
and the purposes for which it was formed were defined 
to be limited to educational, scientific and literary pur- 
poses and not for any business or profit-making. 
In view of the frequent requests for the Socrery’s 
assumption of varied activities it is important to recog- 
nize the limitations of its license for operation. 

Membership in the American WerLDING Sociery 
is open to anyone interested in welding by any process, 
gas cutting, brazing or the heating applications, or any 
of the processes allied with welding, as well as to all 
those concerned with the efficient application of the 
art and science of welding and its allied processes, and 
the industrial acceptance thereof. 

The objectives of the Soctery may be summed in 
one sentence: To advance the art and science of weld- 
ing. More specifically they can be detailed as follows: 
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(a) To encourage the development of the art and 
science of welding through improvement in 
present applications and expansion of its uses 
into new fields, and to develop technical and 
ethical standards for the welding industry. 

To provide a means for the interchange of knowl- 
edge and experience to aid in the solution of 
the problems of the welding art —techniecal, 

ethical and commercial—through cooperative 
effort. 

To promote a better understanding among users, 
sellers, manufacturers and scientists in’ the 
welding field, and to foster a spirit of coopera- 
tion for the common good. 

To collect and make available authentic, useful 
and up-to-date information on welding and 
the allied Processes, and to serve as the author- 
itative source of such information for users, 
sellers and manufacturers in the welding 
field, engineering societies and legislative 
bodies. 

To be the agent of industry in cooperative 
research on important technical welding and 
allied process problems, and to serve us a 
common spokesman of the welding industry 
in matters pertaining to its welfare. 


To accomplish these purposes and objectives the 
Society has developed, for the serving of its members 
and industry, a national organization that is comparable 
in size to that of many large corporations, excepting 
that this organization is staffed by men who volun- 
tarily, without charge, contribute their time and efforts 

Localized affairs are in the hands of fifty-two AmMer- 
ICAN WELDING Society “Sections” strategically located 
in most industrial activities areas. 


Expansion of 
section coverage” is now under way and it is possible 
that these may soon number sixty-five. In addition a 
number of the Sections will be expanding their activity 
to comprehend sub-Sections or “Divisions.”” (These 
will be discussed later.) 

A Section’s management affairs are conducted by 
eight to eighteen elected Section Officers, the number 
depending upon the size of the Section. These are a 
Chairman, a First and a Second Vice-Chairman, each 
elected for a one-year term (maximum 2 terms); 
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a Secretary and a ‘Treasurer each elected for a three- 
vear term (eligible for re-election); and five to thirteen 
Board Members each elected for either a three- or a 
one- and a two-vear term. All have a vote and serve 
without charge. There are of course, in addition, 
drawn from the Section Membership, many persons 
serving on the various Section Committees as Chairmen 
and Members 

National management affairs are conducted by (at 
this date) National Officers. 


These are a President, a First and a Second Vice- 


twenty-seven elected 


President, each elected for a one-year term (maximum 
2 terms); seven District Vice-Presidents, each elected 


for a two-vear term (maximum 2 terms); 


a Treasurer 
elected for a three-vear term (eligible for re-election) ; 
sixteen Directors at Large, each elected for a three 
year term; and one Honorary Director. All serve 
without charge and all vote 
There are two paid National Officers: (a) the Execu- 
tive Secretary and (b) the Secretary, who is also the 
Assistant 
Board of Directors for a one-year term and do not vote. 
In the National Headquarters Staff are (a) the 
Editor of Toe WELDING JouRNAL (who is also Director 
of the Welding Research Council), (6) the Technical 
Secretary, who is also editor of the We Iding Handbook. 


Treasurer. Both are appointed by the 


(c) the Service Manager and (d) sixteen bookkeeping. 
editorial, clerical and stenographic assistants. All are 
paid and none vote. 

The various management activities are served by 
eighteen Standing Committees, comprised of approxi- 
mately 200 Industrial Executive Members, who volun- 
tarily contribute their time and effort. All vote 
These activities comprehend financial, membership 
admissions, publications, programs, by-laws, education, 
awards, permanent funds, publie relations, publicity, 
conventions, etc 

The Soctety’s many Technical Activities are pro- 
vided by over one hundred Technical Committees and 
subcommittees manned by over four hundred industrial, 
educational and scientific authorities throughout the 
country who, voluntarily, contribute much time and 
much effort, all of whom vote 

A summation of the aforegoing tells us “who” is the 
AMERICAN WELDING SOCIETY. 


1. It isa non-profit education organization. 

2. It is supported by 7400 paying and voting Mem- 
bers. 

3. It is technically guided by 400 nonpaid voting 
industrial, educational and scientific authorities 

4. Its management is guided by 200 nonpaid voting 
industrial executive Committee Members. 

5. It is managed sectionally by 700 nonpaid voting 
industrial executive elected Section Officers. 

6. It is managed nationally by 27 nonpaid voting 
industrial executive elected National Officers. 

7. It isserviced by 21 paid nonvoting individuals 


A survey in 1945 provided an indication of the in- 
dustrial occupational status of the AMERICAN WELDING 
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Society's membership. Its breakdown is serving as a 
guide for the direction in which the Society will beam 
its activities for increasing its present total membership 
of 7400 to a potential 15,000. 


membership comprised 


Occupationally, the 


28°; Production 
14.5°, Managers-Superintendents 
12.5), Foremen-Supervisors 
1.0°¢ Inspectors-Motor Mechanics 
20°, Engineering 
27°, Engineers of various classifications 
2°; Designers and Draftsmen 
9°) Highly Technical 
2°) Scientifie 
Metallurgical 
2°) 
2°) Educational 
So, Executive 
Administration and Purchasing 
8°) Sales 
Sales- Advertising- Publishing 
15°, Welding Group 
8°, Welding Operators 
7°, Welding Contractors 
Miscellaneous Classifications 


100%; 


Unlike most engineering societies whose membership 
is drawn almost entirely from the technical professions, 
the Membership of the AMERICAN WELDING SOCIETY, 
occupationally, is of widely varied origin. As a result 
it is difficult to provide a universal answer in all ac- 
tivities which will satisfy all at all times 

Up until about the vear 1919 welding was in the 
order of a good trick if one could do it. During the 
period between 1919 and 1926 it became an art; the 
greater knowledge of application and use being pos- 
sessed by the artisan welder. Starting approximately 
in 1926 the engineer and metallurgist began to study 
intensively the welders “art’’ and increasingly sub- 
stituted scientifie knowledge for the welders “know- 
how.” Thus, welding became an art and a science. 

Doubtlessly the greater future for welding will be 
found in the realm of science. It has been in this field 
that the efforts of the AMERICAN WELDING Sociery 
have been rightly directed. Our Socrery and _ its 
activities and publications have received national and 
international recognition for having contributed the 
most in this field. It will continue its activities in 
that direction and will seek to supplement its present 
vast warehouse of welding knowledge with even greater 
scientific formula and procedure as quickly as the in- 
creasing efforts of the industry's technical minds pro- 
vide that material 

But it does not lose sight of the present, a period in 
which welding is still an art and a science, in that our 
engineering procedures and metallurgical formulas for 


welding are still greatly dependent for success in 
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application upon the skill and intelligent thinking of the 
artisan welder. 

Recognizing that approximately one-third of its 
present Membership and that at least an equal portion 
of its potential Membership is in the Production Group 
which includes Foremen, Inspectors, Instructors and 
Operators of the artisan standard, it is seeking a pattern 
that will permit this essential and important occupa- 
tional group to utilize its many educational benefits. 
It recognizes that to effect this program it must present 
these benefits in an acceptable, understandable manner. 
Academic theory must be transposed into practical 
application and concrete example; laboratorial ter- 
minology must be translated into shop and field words; 
algebraic formula must be reduced to mechanie’s arith- 
metic; and “‘volume’’ must be reduced to “essence.” 

Such will not be an easy task and the path is not 
wholly clear. But our Society observes the need and is 
seeking the answer within the range of practical 
economics. The AMERICAN WELDING SOCIETY, as is 
indicated by the high percentage in the Technical, 
Metallurgical and Research Groups, has most suecess- 
fully provided the required benefits desirable to these 
groups. It will continue to serve them as in the past 
but will strive to extend the scope of those benefits to 
cover the requirements of other industrial groups as 
well. 

The AmMerIcAN WELDING Society benefits directly 
every person and organization associated with welding 
and the allied processes, whether they be users, sellers 
or manufacturers. Knowledge, or increase in knowl- 
edge, which makes possible the application of welding 
in a new field, or makes applications in older fields 
safer as well as more efficient, means more economies 
for the users of welded products. Standardization 
and quality in mass production are almost synonymous. 
It is in this line of activity that the Socrery has been 
extremely helpful. Its codes and standards are univer- 
sally accepted as authoritative. They have enabled 
users and industry to save hundreds of thousands of 
dollars. 


Of particular value to the Welding Supply Dealer is 
the Socretry’s local Section activities. In each of the 
important industrial centers of the States, Members 
of the Society join in meetings on the average of eight 
times each year, or more. Industrial executives and 
leaders of these communities voluntarily contribute 
their time and effort to arrange programs of interest 
and value to local industry. Speakers of national 
recognition are secured and the latest developments in 
the industry are brought to the local doorstep for all to 
gain therefrom. The Section Meeting provides the 
Welding Supply Dealer and his personnel the oppor- 
tunity to meet local and distant industrial leaders in 
an atmosphere of good fellowship, community spirit, 
and educational exposure. 

Every industrial community or center of welding 
activity needs either an AMERICAN WELDING SocieTy 
Section or Division utility. Such an activity requires 
an investment of interest, moral as well as financial. 
But it is a sound investment as it is in the nature of 
industrial and commercial educational insurance to all 
whose interests are associated wholly or partly in 
welding. 

Where American WELDING Sociery Sections are 
now in operation the Welding Supply Dealer and his 
personnel should become acquainted with the local 
Section Officers and join the Section. They want and 
need the dealers help. They want to know what types 
of program would be the most beneficial to all. 

In areas where, at present, there is no Section or 
Division activity, the Welding Supply Dealers will 
benefit greatly by joining in a mutally cooperative 
effort of sponsoring and assisting in the formation of 
one. The National Headquarters of the AMERICAN 
WeELpING Society at 33 W. 39th St., New York, 18, 
N. Y., will be pleased to provide all information re- 
garding present Section activity and the formation of 
new Sections or Divisions, and assist toward formation. 

Equally as much as the Welding Industry does the 
AMERICAN WELDING Society belong to the Welding 


Supply Dealer. It is his Industry and his Sociery. 


CURRENT WELDING LITERATURE 


\ccident Prevention. Here’s How Caterpillar Does It—Safe 
Welding Operations, H. S. Simpson. Industry & Welding, vol. 
22, no. 1 (Jan. 1949), pp. 32-34, 36, 38. 

\irplane Manufacture. Pressure-Welded Aircraft, F. M. Burt 
Welding Engr., vol. 33, no. 7 (July 1948), pp. 44-47. 
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no. 4 (Jan. 27, 1949), pp. 68-71. 
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Iengrs. Rev. (Oct. 1948), pp. 332-335. 
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ment Pay Off at American Car and Foundry Co., E. A. Watson. 
Industry & Welding, vol. 22, no. 1 (Jan. 1949), pp. 40-41, 44, 46, 
4s. 

Concrete Reinforcement. Cages for Concrete Reinforcement, 
H. Leopold. Welding Engr., vol. 33, no. 7 (July, 1948), pp. 52- 

Concrete Reinforcement, Welding. Hydraulic Loom Weaves 
Reinforcing Mats. Construction Methods, vol. 30, no. 12 (Dee. 
1948), pp. 62-63. 

Docks, Welded Steel. Oil-Loading Docks in Venezuela Built 
of Welded Steel, T. T. Knappen. Civ. Eng. (N. Y.), vol. 19, no. 3 
(Mar. 1949), pp. 33-37. 
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fication. 


by Simon A. Greenberg 


EQUESTS are received almost daily for informa- 
tion on the steps to be taken in qualifying welders 
It is hoped that the 
following article will satisfy most of the questions 


, under the various codes. 


which arise and clarify the misunderstandings regarding 
welding operator qualification. 

Through the efforts of the A.W.S. Committee on 
Standard Qualification Procedure, a simple compara- 
tively inexpensive test has been established for the 
qualification of welding operators. This test is pre- 
scribed in the AMERICAN WELDING Socrery’s Standard 
Qualification Procedure and is commonly referred to as 
the ‘“‘guided-bend test.” 

Briefly, here is a summary of the qualification re- 
quirements for welding operators. 


GROOVE WELDS (BUTT WELDS) 


(a) Where an operator is to weld on material up to 
and including */, in. thick, he is required to weld a 
joint between two °/s-in. plates, about 6°/, in. long 
minimum. Such a joint must be welded in each of the 
positions, i.e., flat, vertical, horizontal and overhead, 
in which he is to be qualified; however, qualification 
in any other position automatically includes qualifica- 
tion in the flat position so that a test plate need not be 
made in the flat position. On this basis, for qualifica- 


Simon A. Greenberg is Technical Secretary of the Amertcan WeLpine 


Socrery 


Reprint of this information available on request 


How fo Qualify Your Welders 


§ Here’s the answer to your questions on welding operator quali- 
Of interest to the welder and to the welding engineer 


Table 1—Operator Qualification Tests for Groove Welds 
in Plate 

Maximum Vumber and type of tests required 

thickness for Root- Face- Side- 


which opera- Thickness of hend. bend bend 
tor is to be material for test see Fig. (see Fig (see Fig. 
qualified weld 1) 1 4 

Up to andin- in. 1 1 
cluding */¢ 
in. 

Over */, in. Maximum, but ak 2 


need not ex- 
ceed 1 in. 
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Table 2—Operator Qualification Tests for Groove Welds 
in Pipe 


Varimum Vumber and ty pe of tests require l 
thickness for Root- Face- Side- 


which opera- Thickness of bend bend bend 
tor is to he material for test see Fig (see Fig see Fiy 
qualified weld 2) 
Up to and in- sin 2 2 
cluding 
in 
Over 4/4 in. Maximum, but 4 
need not ex- 
ceed 1 in. 


tion as an all-position welder, the test must be made in 


the horizontal, vertical and overhead positions. 


If the operator is to weld on pipe, he should be quali- 


fied by welding pipe joints. 
In any case, after the joint has been welded, one root- 


bend and one face-bend specimen are removed (see 
Tables 1 and 2 and Figs. 1 and 2) and tested in the 


guided-bend test jig (see Fig. 3). 


(b) Where an operator is to weld on material thicker 


than */, in. the same procedure will apply except that 


the plate used must be of the maximum thickness to 
Further, 


be welded or 1 in. (either is acceptable). 


instead of face- and root-bend specimens, side-bend 


specimens (see Fig. 4) are used. Testing in the guided- 


bend-test jig is the same. 
Qualification to weld the thicker (°/, in. or more) 
material automatically covers qualification to weld 


THEM way BE FLAME CUT AND MAY 
OR MAY WOT BE MACHINED 


wax 


Fig. 1 Face- and root-bend specimens (plate) 

Note: Weld reinforcement and backing,strip, if any, shall be removed 
flush with the surface of the specimen. a recessed strip is used this 
surface of the specimen may be machined to a depth not exceeding the 
depth of the recess to remove the strip, except that in such cases the 
thickness of the finished specimen shall be that specified above. 


1 
| 
: 


These edges may be flame cut and 
at or may not be machined 


6° min 


Fig. Face- and root-bend specimens (pipe) 

Note: Weld reinforcement and backing ring, if any. shall be removed 
flush with the surface of the specimen. If a recessed ring is used, thi« 
surface of the specimen may be machined to a depth not exceeding the 
depth of the recess to remove the ring, except that in such cases the 
thickness of the finished specimen shall be that specified above. 


3 


the thinner (less than * j-in.) material so that only 


one set of tests need be made. 


FILLET WELDS 


For qualification to weld fillet welds an operator 
must deposit two fillet welds in a specially designed 
These welds are to be of the maxi- 
3/gin. One 
test assembly must be made in each position in which 
the operator is to be qualified except as follows: 


joint (see Fig. 5). 
mum size used in fabrication but not over 


A test weld made in the horizontal position qualifies 
an operator for welding in the flat and horizontal 
positions. 

A test weld made in the vertical position qualifies an 
operator for welding in the flat, horizontal and 
vertical positions. 

A test weld made in the overhead position qualifies 
an operator for welding in the flat, horizontal and 
overhead positions. 

For qualification in all positions, an operator must 
make test welds in the vertical and overhead posi- 
tions only. 

Two specimens are removed from each joint and 
tested in the guided-bend test jig. 


Hardened rollers, cham. 
may be substituted for 
shovkders 


lapped hole fo suit 
testing machine 


requred - 
Shoulders hardened 
and greased 


As required 


9° 
Fig. 3) Guided-bend test jig 


a 
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flame cut, not less than 
shall be machined trom edges, 


= 


7 
le 6 min 


Cut along this Ine when t exceeds /3°; 


edge may be flame cut and 
may or may not be machined 


Win 


i 


Fig. 4 Side-bend specimen 


GUIDED-BEND TEST 

The guided-bend test is performed by placing the 
specimen to be tested in the standard jig and forcing 
the plunger down (by any convenient means) upon the 
specimen and bending it to conform to the ‘U-shape”’ 
of the die member of the jig. 
the jig and examined for cracks, lack of root penetra- 
tion, lack of fusion or other defects. If any open defect, 


It is then removed from 


measuring '/s in. in any direction is present, the speci- 
men is not acceptable. In such cases the operator 
may be granted a retest immediately, consisting of two 
test welds of each type on which he failed, all of which 
shall pass. At the discretion of the inspector he may 
be required to submit evidence of further training or 
practice before being permitted to take a retest. 


COMMENTS 


Before the adoption of the guided-bend test, an 
operator was required to pass a tension test, a nick- 
break test and many other diverse special tests accord- 
ing to the individual ideas of one inspector or another. 
The guided-bend test was adopted when it was recog- 


DISCARD 


CUIDED ROOT BEND 
SPECIMEN(SOUNONESS 


CUIDED ROOT BEND 
SPECIMEN(SOUNDNESS TEST) 


DISCARD 


ri ALLOWED FOR ALi CUTS 


J 


| BACKING STRIP 
TO BE IN INTIMATE 
CONTACT 
BASE MATERIAL. 


MAX, SIZE SINGLE PASS 
FILLET WELO(NOT OVER 4a) 


Fig. 5 Test weld for fillet-weld qualifications 
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nized that a welder should be required to demonstrate 
his ability to deposit a sound weld, and that such 
properties as tensile strength, elongation, corrosion 
resistance, ete., were controlled by the materials and 
welding procedures used, not by the ability of the 
operator. 

Even more important, experience has shown that the 
guided-bend test is more searching than any of the 
older tests and that an operator may be capable of 
passing a tension test yet could not pass the guided- 
bend test whereas the reverse is not true. 

From the standpoint of use, the guided-bend test 
is preferred because of the simple equipment required. 
Many of the shops make their own jigs although they 
can be bought. Also because it is a “go or no-go” 
test, no specially trained personnel are required to 
evaluate the results and the element of personal judg- 
ment is very largely eliminated. 

Jecause of these reasons and because experience has 
shown the guided-bend test to be the most searching, 
the simplest to perform, the cheapest and the least time 
consuming, it has been almost universally adopted by 
code-writing bodies and by industry in general 

The following is a partial list of codes under which 
welders are qualified by test requirements conforming 
to the American WeLbING Soctery’s Standard Quali- 


fication Procedure: 


A.W.S. Standard Code for Are and Gas Welding in 


Building Construction (and municipalities in 
U.S. using this Code) 

A.W.S. Standard Specifications for Welded Highway 
and Railway Bridges 

A.W.S. Rules for Field Welding of Steel Storage 
Tanks 

A.W.W.A.-A.W.S. Standard Specifications for Ele- 
vated Steel Water Tanks, Standpipes and Reser- 


voirs 
A.W.W.A.-A.W.S. Standard Specifications for Field 
Welding of Steel Water Pipe Joints e 


American Bureau of Shipping Regulations 
U.S. Coast Guard Regulations 
U.S. Navy Department Regulations 
A.S.M.E. Boiler Code (including Unfired Pressure 
Vessels) 
A.P.L.-A.S.M.E. Code for Unfired Pressure Vessels 
for Petroleum Liquids and Gases 
Before attempting to qualify your welders study the 
Standard Qualification Procedure which contains the 
requirements for qualification In full detail and also 
tells when you must requalify your welders because of 
changes in your welding procedures ot for other reasons. 
If you do not have a copy of the Standard Qualification 
Procedure contact the Technical Representative in 
your Local Section; he has a copy ol this and every 
other A.W.S. standard. If vou prefer write directly to 
A.W.S. headquarters 


‘ 
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lishment, D. E. J. Offord. Welder, vol. 17, no. 98 (Oct. Dee. 
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The Strength of Silver Alloy Brazed Joints 


» The strength of joints is influenced by the brazing alloy, its thickness, 
the strength of the metal joined, flux inclusions and the mechanical 


characteristics of the associated structure. 


Information also given 


on impact, fatigue and high temperature properties of brazed joints 


by C. D. Coxe and A. M. Setapen 


N A TENSION test, the performances of a single 
piece of metal and of a brazed specimen may differ 
basically. The single piece of metal consists of one 
more or less uniform structure. The brazed assem- 

bly is comprised of the following elements: the two com- 
ponents being joined, the layer of brazing alloy and the 
interfaces. The strength of the assembly not only 
depends upon the properties of the individual elements, 
but also upon the mechanical restraints that the harder 
elements of the assembly may exert upon the softer 
ones. 

The tensile strength of butt joints brazed with silver 

alloys is influenced by the following factors: 

1. The degree to which the materials being joined 

are wet by and bonded to the brazing alloy. 
The thickness of the brazing alloy laver in the 
joint itself. 
The strength of metal or metals being joined—a 
very important consideration. 
4. Amount of flux inclusions or voids in the joint. 


5. The mechanical characteristics of the structure. 


The strength of the brazing alloy itself, which is 
approximately 70,000 psi., is of significance only in 
that when materials weaker than this are joined, tension 
failure will usually occur outside the joint, and in 


stronger materials, failure occurs in the joint at loads 
greatly in excess of the strength of the brazing alloy 
itself; the maximum strength is then determined by 
the factors enumerated above. These will be discussed 
in the order listed. 

Most metals, when properly fluxed, are readily wetted 
and bonded by low-temperature silver brazing alloys 
and the bond strength will be greater than the strength 
of the brazing alloy itself. In certain cases, particularly 
in alloys containing aluminum, special fluxes are re- 
quired to achieve this wetting; and in certain other 
cases, a brazing alloy containing a small percentage of 
nickel should be used, viz., for brazing cemented 
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Fig. 1 Effect of joint thickness on tensile strength 


carbides. Generally, it is only in very hard and strong 
materials that the bond between the brazing alloy and 
the metal or metals being joined is the determining 
factor in joint strength. 

Figure 1 is a curve of the effect of joint thickness on 
strength. The data were obtained from butt joints in 
stainless steel sheet 0.031 x 0.5 in. having an as-received 
strength of 160,000 psi. 

On soft materials, the thickness of joint is relatively 
less important. On strong materials it is a major 
factor. 

The curves in Figs. 2 and 3 show how several different 
thicknesses of joint vary in strength with the strength 
of material being joined. These data were obtained 
from 0.505-in. diameter standard tension specimens 
having a butt joint at the middle of the 2-in. gauge 
length. 

It has not been possible to determine the limiting 
value of joint strength. Theoretically the maximum 
strength should have been obtained in’ high-speed 
steel since this material did not anneal appreciably 
However, failure here 
the bond. 


at the brazing temperature. 
was at the brazing alloy-steel interface, ie., 
The bond was not strong enough to transmit sufficient 
stress to break the brazing alloy itself when the brazing 
alloy was restrained by hardened high-speed steel. — In 
the case of the heat-treated S.A.E. 4140 steel, the bond 
held and the break occurred in the brazing alloy. The 
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Fig. 2 Effect of joint thickness on the tensile 
strength of Easy-Flo brazed joints 
breaking strength of the joint was about coincident 
with the yield strength of the steel. 

The question of why or how a silver brazing alloy 
with an ordinary tensile strength of about 70,000 psi. 
can withstand a stress of 130,000 psi. cannot be an- 
swered with certainty. The following theory is sug- 
gested: When the brazing alloy is stressed, it tends to 
elongate. However, elongation requires a collateral 
reduction in area, and this reduction in area is re- 
strained in the joint by the closely spaced, hard faces 
of the steel to which the brazing alloy is bonded. The 
brazing alloy is then under triaxial tension. It has 
been established that a material under triaxial tension 
has a higher breaking strength along the principal 
axis of stress, and a lower elongation, than when pulled 
in simple tension. When the vield point of the steel is 
reached, the steel elongates and, collaterally, reduces 


in cross section. This, then, means a relaxation of the 
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Fig.3 Relationship of joint tensile strength with strength 
of metal joined 
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lateral or radial tension stresses in the joint and the 
brazing alloy may then extend out to failure. 

The joints from which these data were obtained were 
of a quality not usually attained under ordinary cir- 
cumstances. Each joint face was first “tinned” with 
the brazing alloy and then the two flux-covered “‘tinned”’ 
faces were wiped together shearwise by which means 
most of the flux was removed from the joint. In nearly 
all cases where the alloy is flowed into the joint, or 
preplaced as a shim, some flux inclusions will be re- 
tained and these will reduce the joint strength by some 
factor related to the ratio of the cross-section area of 
included flux and the area of the brazing alloy. 

The shear strengths of brazed joints (rod and sleeve, 
lap and torsion) are governed by somewhat similar 
considerations. The increase in the shear strength that 
occurs with increased strength of the metals joined is 
Nor is a 


thin joint necessarily the strongest in all cases. When 


not so great as in the case of tension joints 


hard, brittle materials are silver brazed, higher shear 
values may be realized with thicker joints and, con- 
versely, thin joints have given higher values in soft, 
ductile materials; but in most cases the differences are 
small. 

The curve in Fig. 4 obtained from torsion tests of 
wiped joints (similar to the tension joints just de- 
scribed) shows the relationship of material strength to 
shear strength. The curve shows the maximum shear 
stress in torsion according to the formula S = 127 /xd’*, 
What 


collateral stresses exist in addition to the principal shear 


where S = stress, T = torque, d = diameter. 


stress are even more obscure than in the case of tension. 
The limiting value of shear stress has not been deter- 
mined. Isolated instances of shear strength as high 
as 48,000 psi. have been encountered. 

The strength that may be realized in a structure will 
depend also on the mechanical characteristics of that 
structure. If the end of a rod is brazed to the face of a 
plate, and the rod is pulled while the plate is held at the 
edges, the plate will bow and the thinner the plate, the 
more it will bow. There is then a bending moment 
between the plate and the rod and the resulting tension 
stresses arising from this bending moment at the out- 
side edges of the joint are additive to the principal di- 


rect tension stresses in the joint. This stress concen- 
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Fig. 4 Relationship of joint shear strength with strength 
of material joined Easy-Flo brazed joints 
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tration will start a failure at a lower average stress 
than the calculated average strength of the joint (as- 
suming uniform stress distribution) and the joint will 
then fail progressively by tearing. 

Similarly in a rod and sleeve joint, where the shear 
area is such that the calculated strength of the joint is 
greater than the vield strength of the rod, and the 
sleeve is stronger than the rod, failure may still oceur 
in the joint instead of the rod. First, because of dif- 
ferences in elastic extension or strain in the two mem- 
bers, the shear stress is not uniformly distributed but 
is higher where the rod first meets the collar or tube; 
and second, the tendency of the rod to reduce in di- 
ameter as it elongates causes a radial tension stress in 
the brazing alloy. 
added to the principal stress will start a failure at a 


Again these secondary stresses 


lower average stress than the calculated strength of the 
joint and the joint will then fail progressively by tearing. 

An examination of the impact properties follows. 
The impact strength of a brazed joint measures the 
ability of a structure to absorb impact energy, and the 
brazed joint may or may not be the controlling element 
in the structure. 

An impact test measures the energy required to break 
a particular specimen and this energy is the product of 
two components: 
through which the foree must move to cause failure. 
Consider the case in which relatively soft metals are 
butt joined with a relatively strong brazing alloy to 
In the impact test the 
metals joined will elongate appreciably on the outside 


make an Izod test specimen. 


of the bend before the joint breaks. The elongation 
in the metal joined is spread over an inch or so of the 
length of the specimen and may be in the order 25°; or 
, in. The joint itself which is in the order 0.002 in. 
The absorbed 


thick may also elongate about 2577. 
energy is then derived from the average force times the 
elongation of the steel (0.25 in.) plus the average force 
times the elongation of the brazing allov (0.0005 in.). 
It will thus be seen that the steel absorbs 9O.SC7 of the 
energy and the brazing alloy only 0.20% by virtue of 
its short length (thickness). 

Consider now the converse situation where the steel 
is much stronger than the brazing alloy. In the case 
of heat-treated S.A.E. 4140 brazed with Easy-Flo, the 
brazing alloy will fail at about 111,000 psi., or at about 
the vield point of the steel. In this case the brazing 
alloy is not strong enough to stress the alloy steel be- 


(bd) (c) 


Types of impact test specimens, (a), (b) and (ec): 
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yond its yield point. The total elongation will only 
be about 0.001 in., all of it in the brazing alloy, and the 
total energy absorption will be small; much less than 
the impact strength obtained in the previous case with 
the same brazing alloy. 

Thus, if the joint is strong enough to cause the struc- 
ture to deform, high impact strength will be obtained. 
However, if the structure is such that it will not deform 
before the breaking strength of the joint is reached, 
then low impact strength will result because the elonga- 
tion that can occur in a butt joint is only a few thou- 
sandths of an inch at best, even with an exceptionally 
ductile brazing alloy having an elongation greater than 


A summary of impact test data is tabulated below: 


Unnoteched Izod Impact Tests (Averages) 
S.A.E. 4141 Armeo iron, 
steel, ft.-lb ft.-lb. 
Brazed with ductile alloy (Easy-Flo*) Br 30.4 
Brazed with semibrittle alloy 16 12.1 
Brazed with very brittle alloy 16 1.8 


* Proprietary alloy (50 Ag, 15.5 Cu, 16.5 Zn and 18%) Cd 


The impact test specimens were standard Izod speci- 
mens machined from round bars and brazed with the 
same wiping technique that was described in the case 
of the tension and torsion specimens. 

In design, the mechanical relationship of the joint to 
the rest of the structure, the joint size, location and 
stress as related to the loads applied to the structure, 
and the ability of the structure to “give” or yield under 
impact before the breaking strength of the brazed joint 
When 
strong materials are to be joined, it is advisable to pro- 
vide some link in the structure that will yield and ab- 


is exceeded are all important considerations. 


sorb impact energy. 

In Fig. 5 (a) shows the Izod impact test specimen on 
which the test results tabulated above were obtained. 
If (a) is assumed to be of high-strength steel and if the 
steel is machined off to produce the specimen shown at 
(b), the impact strength will be increased because in 
(b) a structure is produced that will deform in the 
steel before the joint breaks. The searf joint (¢) will 
also have a higher impact strength because the joint 
interseets the surface at a point removed from the loca- 
tion of highest bending moment (the center). 

With soft materials such as copper or low-carbon 


Yes Yes 


' 

N 


Yes ° 


(da) (e) (f) 


joint designs (good and poor) for impact loading. (d), (e) and 
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Fig. 6 Brazed flexure test specimen (fatigue) 


steel, T joints such as (d) can be used, but designs (¢ 
and (f) are obviously preferable, and with strong mate- 
rials subject to impact loading (¢) should be avoided. 

Fatigue is governed by many of the same considera- 
tions from the design standpoint. The fatigue strength 
of a material is generally proportional to the tensile 
strength and where soft materials such as low-carbon 
steel or copper are joined, the tension-compression 
fatigue strength of the brazed joint is of the same order 
of magnitude as the material joined up to about 27,000 
psi. In stronger materials the brazing alloy layer is 
relatively softer, and the fatigue strength of the stronger 
material cannot be realized unless the design is such 
that the fatiguing stress in the brazing layer is rela- 
tively low. In the absence of better information, 
stress should preferably not exceed 27,000 psi. in a 
butt tension joint. 

On the other hand, a brazed, laminated, flexure 
specimen of heat-treated alloy steel such as that shown 
in Fig. 6 may have an endurance limit approaching that 
of a solid bar of the same steel, same dimensions and 
heat treatment, i.e., in the order of 75,000 psi. maxi- 
mum fiber stress in the steel when the thickness of the 
brazing layer is carefully controlled and inclusions are 
held toa minimum. * 
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Fig. 8 Standard R. R. Moore fatigue-test specimen with 
brazed joint in center 


Figure 7 is an S-N curve for a Moore rotating beam 
test of silicon bronze, butt brazed at the center with 
Easy-Flo. Unfortunately, the specimen (Fig. 8) that 
must be used for a fatigue test is again a poor (just 
about the worst) design for practical application. In 
this case, discontinuities in the brazing layer which are 
exposed by machining can intersect the surface and form 
notches or stress raisers which will lower the fatigue 
limit. Better practice would place the joint in a region 
of lower stress rather than at the most highly stressed 
point; further, the brazing layer should not intersect 
a very highly stressed surface if it is to be subjected to 
repeated loading and unloading or to stress reversals, 

e., fatigue. The test, Fig. 6, was only run fer 10 
million eveles. A more critical evaluation of fatigue 
properties should be run for 100 million or more 

The specimens shown in Fig. 9 (a or b) would be 
better rotating beams from the practical standpoint, 
but could not be used to determine the tension-com- 
Note the use of 
tapered collars to avoid stress concentrations that might 


pression fatigue limit of a butt jomt 


result if a more abrupt change of section were used. 


Practical types of rotating beam brazed test speci- 
mens 
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Fig. 10 Relationship of joint strength with temperature 


Silver brazing alloys are, for the most part, low 
melting point alloys as compared with the steels, and 
as metals weaken rapidly as they approach their melt- 
ing points, silver brazed joints weaken at lower tem- 
peratures than do the metals that may be joined. 
Figure 10 shows the effect of temperature on strength. 

Generally, the short-time tensile strength of Easy- 
Flo joints is about halved when the temperature is in- 
creased from 70 to 500° F. and this applies to both butt 
and shear joints, and to joints in soft or hard steels. 
However, where the joint is so constituted that the fail- 
ure ordinarily occurs outside the joint (Curve 2, Fig. 
10), better than 50°% strength may be realized at 500 
Fk. With higher melting brazing alloys (Curve 4, Fig 
10), better high-temperature properties may be ob- 
tained. 

Silver brazing alloys, like all metals, are subject to 
creep at elevated temperature and to failure at high 
temperature under long-time loading at stresses lower 
than the short-time tensile strength (see Curve 6, Fig. 
10). The shaded area includes a number of points 
from creep and stress rupture tests on Easy-Flo and 
Sil-Fos shear joints made in several different labora- 


tories. The curve should not be used for design pur- 
poses, but is shown only to bracket the magnitude of the 
time-temperature-load relationships as compared with 
short-time high-temperature shear strengths (Curve 
5, Fig. 10). 

In summary, it is apparent that no broad generaliza- 
tions can be made, nor any general formula applied, to 
define or establish joint strengths for all cases. Suffice 
it to say that when metallurgical and mechanical con- 
siderations are favorable, joint strengths up to 130,000 
psi. in tension and 48,000 psi. in shear can be obtained. 
For other than these ideal conditions, the joints may be 
weaker depending on the factors enumerated at the be- 
ginning of this paper, viz: 


1. The degree to which the materials being joined 
ure wet by and bonded to the brazing alloy 
(deficient only in special cases). 


2. The thickness of the joint. 

3. The strength of material being joined. 

4. Flux inclusions. 

5. Mechanical characteristics of the structure which 


cause uneven stress distribution. 


Lest this list of detractors from strength imply a 
greater limitation on practical applications than the 
facts justify, some examples of the abuse which joints 
will withstand should be recited. 

Copper and brass rods, butt brazed, may be drawn 
down to fine wire. Plates having a cladding of other 
metal brazed to the face may be rolled into thin sheets, 
T or L joints in plates or sheets of ductile material can 
be hammered flat without breaking. Sheet products 
having brazed seams have been formed, drawn, beaded, 
etc. Where joint failures in ductile materials occur 
because of stress concentration, the failure usually in- 
volves the tearing out of pieces of the metal joined. 

A generalization that can be made is that joint 
strength is not usually a limitation in the design of 
structures to be joined by brazing. Where a quanti- 
tative measure of strength is necessary, an actual 
physical test of the structure is indicated. 
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Welding Shop Fabricates Two Useful “Helpers” 
lor Farm 


THEN an up-and-coming welding shop and a wide- 
awake farmer get together, the shop makes money 
and the farmer gets himself some well-made 
equipment at low cost. 

That is what happened when one farmer needed a 
strong, light-weight rubber-tired farm wagon. The 
materials used for the chassis were simple. A couple 
of old automobile front ends and a few lengths of 
salvaged pipe, plus are and gas welding, turned the 
trick. 

The spindles on the rear axle were welded in position 
to keep the back wheels from turning. A length of 3- 
in. pipe was welded to the center of the axle and the 
entire assembly made rigid by welding the point of the 
wishbone to the pipe. 

The spindles of the front. wheels were allowed free 
play and the tie rod left in position. An ingenious 
arrangement swings the wheels in the direction of the 
pull on the tongue or tractor hitch. A piece of 2'/2-in. 


Reprinted through Courtesy Air Reduction Sales Co 


Welding the frame for the farm wagon, using two front 
axles and pipes 

pipe was welded to the axle and the wishbone point was 

welded to the pipe in the same manner as the rear end. 

The 2'/2-in. pipe telescopes into the 3-in. pipe, forming 

the pole of the wagon and joining the front and rear 

ends. <A */,in. hole was drilled through the 3-in. pipe 


Hay buck welded from an old Buick and International truck more than pulls its own weight on the farm 
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The chassis before leaving the shop, ready for tires and 
body 


about 6 in. from the front end. Similar holes were 
drilled at regular intervals through the smaller pipe. 
The wheelbase is adjusted by sliding the smaller pipe 
forward or backward inside the larger to the desired 
position and dropping a */,-in. bolt through the holes in 
both pipes. 

The hay buck is another interesting example of a 
valuable new labor-saving implement which was built 
with the aid of welding. The front end and power 


it the farm, the wheels indicate that the wagon has been 
put to good use 


plant were taken from a 1929 Buick. The rear end and 
transmission taken from an old International 
truck because the two-speed transmission permitted 


were 


construction of a pulley drive from the drive shaft to 
operate the drum which raises the rake allowing this 
operation to be carried out while the buck is standing 
still. The two sections from two different vehicles were 
welded together into a single rigid unit. Welding was 
also employed in the construction of the rake itself and 
in building the mounting for the hoist drum. 


Flame-Cutting Stainless Steel by \ew Method 


JABRICATION of an 18-8 stainless steel Diesel 
water tank required the cutting of two 10- x LS-in. 
holes in the 10-gage material on each side of the 
tank. 

water and air connections into these holes. 

The Oxweld powder-cutting process proved to be a 

quick and efficient method to accurately cut holes in the 
In this process 


It was planned to weld a recessed section for 


curved side of the stainless steel tank. 
an iron-rich powder is automatically added to the 


cutting-oxygen stream. This releases large quantities 


Fig. 1 Operator is using a powder cutting blowpipe to 
cut 10-gage 18-8 stainless steel at 12 in. per minute 
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of heat and creates superheated particles of iron oxide 
The burning of the iron powder permits the cutting 
oxygen to oxidize the base metal. Quality of the cut 
compares favorably with that obtained in plain oxy- 
acetylene cutting of carbon steels. 

The blowpipe used was the Oxweld AC-4 powder- 
cutting blowpipe. Cutting oxygen was at a pressure of 
75 Ib. and acetylene at 10 psi. Compressed air at 1S 
Ib. pressure forced the powder into the stream of oxy- 
gen. The rate of cutting was 12 in. per minute. 


Photos Courtesy The Linde Air Products Co 
Fig. 2. Finished powder-cut hole has smooth edges that 
need only a minimum of finishing 
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by F. C. Geibig 


JAMMED clinker— an extra strong yank on the 


/§ shaker—snap goes a grate bar. New grate bars are 
| 


fe ret always available and Mr. Jones on Elm Street 


or Mr. Smith on Maple Street tries to get along 
with a makeshift furnace for a week or two. Of course, 
the grate bar only breaks during winter when the fur- 
nace is needed. This is where the welding shop comes 
in, because most grate bars can be welded. 

You will probably find that the metal in the grate bar 
does not melt readily. It will seem to behave almost 
like a section of firebrick. However, you can make a 
satisfactory repair by following these instructions 
When vou repair broken grate bars or other stove and 
furnace parts remember one thing—careful preparation 
Jevel the broken edges to form 
Where the bevels 


meet, the touching surfaces should be about 's in. in 


is half the job. 
double vee, each with a 90° angle 


width. Use a grinding wheel for the beveling. Then 
clean the casting along the beveled edges and for at 
least one inch back. In this case, cleaning means the re- 
moval of all scale and rust down to the base metal 
Careless cleaning will probably produce porous spots 
and blowholes in the weld because some impurities can- 
not be removed even when you use the best flux. 

When you have properly prepared the parts, match 
the broken pieces together and block them in position. 
You can do this with firebrick, welding carbon paste or 
plate, or by adapting one of the work-holding devices in 
the shop. Use a welding head or tip one size larger than 
the one recommended for steel of the same thickness 
Then play the flames along the sides of the vee until the 
entire joint has been thoroughly preheated to a dull red 
Usually, you do not have to preheat the entire casting 
because each end is free to expand when the casting is 
heated. 
generous amount of flux in the weld area. (Use !' 4 in 


During this preheating operation sprinkle a 


cast-iren rod and flux.) 
Hold the flame 1 to 1! 
good soaking heat in the weld. It is almost impossible 


» in. from the work to get a 


to melt the metal when the grate bar has been used for 
even a short length of time. You are ready to weld when 
the surface of the metal in the vee begins to appear 


F. G. Geibig is with The Linde Air Products Co., Newark, N. J 
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® Clean the broken edges if you want to make a strong repair 


shiny or oily. Add molten metal from the welding rod 
immediately. At first you will get what amounts to a 
tinning action because the original metal has not melted. 
When the vee and ' . in. of the surface on each side of 
the break have been “tinned” in this way, vou can pro- 
ceed as though you were doing any cast iron welding 
job. Start at one end of the vee and remelt the ‘“‘tinned”’ 
metal only. Then add molten welding rod metal and 
form a molten puddle. Use flux generously and con- 
tinue to add welding rod until the weld metal is about 

. in. higher than the surface of the grate bar. The 
weld metal should extend for about ein. back from the 


edges of the vee 


Fig. 1 (Top) This is the grate bar as it was brought into 
the shop. (Center) The edges to be joined were cleaned 
and ground to a double vee. (Bottom) The welded grate 


bar is ready to be put back in operation 
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Fig. 2. Apply flux liberally. Impurities can be skimmed 
from the surface of the —~ with the end of the welding 
r 


USE FLUX GENEROUSLY 
Dip the hot end of the rod into the flux can and then 
insert it in the molten puddle often during the welding 


operation. This will help to break up and float out the 
heavy oxides which are usually present in stove and 
furnace castings. If gas bubbles or white spots appear 
in the puddle or at the edges, add flux and direct the 
flame around the speck until the impurities rise to the 
top. Then skim them from the weld with the end of 
your welding rod. If any impurities stick to the hot 
rod remove them by tapping the rod on the table. Re- 
move all dirt and impurities carefully because any left 
in the weld will make the joint weak. 

When you add rod to the molten puddle, always be 
sure to submerge the end of the rod in the puddle. 
Don’t hold it above the weld and let it melt drop by drop 
into the puddle. When one side has been completed, 
turn the casting over and weld the opposite side in the 
same manner. Support the bar properly to prevent 
sag in the portion that has already been welded. Then 
lay the grate bar in a place where it will cool slowly to 
room temperature. When it is completely cool you can 
clean the weld with a wire brush and grind it smooth. 
Leave as much weld metal as possible to act as rein- 
forcement. 


Designing for Welding—Part \ 


by Wallace A. Stanley 


HE simplest form of projection is shown in Fig. | 
and is used in joining stampings of flat or ir- 
regular shape and also for joining stampings to 
machined parts. The size and shape of the pro- 

jection should vary with the thickness of the material 
being welded as noted in Fig. 2. On thinner stock, 
a shallow “radius” projection (called a “button” projec- 
tion) may be used, increasing to a large, flat topped 
dome on heavier materials. 

There are several factors to be considered in the 
selection of shape and size of projections for projection 
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welding. The particular problem should be studied 
with the following considerations in mind: 

1. The projections must be strong enough to sup- 
port the initial pressure before the welding heat is 
applied. If the area of the projection is too great it 
will collapse before the weld is started (Fig. 3). This 
results in increased contact area with the possibility of a 
weak or poorly formed weld (Fig. 3a). 

2. The mass of the projection should be such that 
it will not collapse before it raises the temperature of the 
On the 
other hand if the projection is made too large, complete 
fusion may not take place and the parts will not be 


contacted sheet to the fusion point for welding. 


brought into intimate contact at the end of the heating 
cycle. Too large a projection also results in a tendency 


Fig. 5 


Fig. 6 
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to produce spitting or splashing at the faying surfaces 
(Fig. 4) due to the excess heat necessary to produce this 
weld. This also may produce a poorly formed weld. 

3. Care must be taken to avoid any shearing action 
in the metal when the projection is formed, since this 
weakens the structure of the metal surrounding the 
weld (Fig. 5). Proper design values are given in the 
standards of the A.W.S. A rough approximation for 
the diameter is twice stock thickness plus 0.031 in 
Height of the projection should be roughly '/, the 
diameter. 

4. Inasmuch as fusion first starts at the center of 
the projection (where the greatest heat is concentrated ) 
and works out to the edge, the preferred shape of a 
projection is round. It can however, be made in any 
desired shape. On curved surfaces the projections 
should be elongated in form, the width, however, being 
the same as the diameter in a button type projection 
(Fig. 6). This method takes care of any discrepancy 
in the shape of the curved parts and provides good econ- 
tact without reducing the current density 

5. Whenever possible the projection should be 


formed in the heavier part since this gives the con- 
centrated area of the heavier part a better chance to 
reach welding temperature simultaneously with the 
thinner part before the collapse of the projection 
(Fig. 7). The projection concentrates the current flow, 
and therefore the heat of the part, into a small area 
thus permitting a heavy part to reach fusion tempera- 
ture in the localized area. If the projection were in the 
thinner part instead, the heavier part would dissipate 
the heat from the localized area opposite the projection 
too fast. to reach fusion temperature at the same time 
the projection area of the thinner sheet reaches fusion 
temperature. Result: the collapse of the projection in 
the thinner piece without fusion with the thicker piece. 
Projections can be placed in the thinner sheet if 
necessary, however, although greater care must be 
exercised in the design of the projection as to size and 
shape, while dies and electrodes should be used in special 
combinations. If the latter practice is to be followed, 
It Is Wise to test experimentally formed projections as a 
double check on the soundness of the welds to be 


anticipated in production Continued in next issue) 


by A. H. Wilson 


HOPS which may, from time to time, be required to 
cut quantities of short lengths of pipe, but not suf- 
ficiently to warrant investment insawingequipment 
can obtain good and efficient results with a power- 

driven flame cutting set up along the lines illustrated in 

Fig. 1. 

A variable speed power source, such as a Radiagraph, 
is suitably geared to a length of pipe, fitted with stub 
shafts which are supported in bearings. This provides 
a driven roller. A similar length of pipe, mounted in 
bearings, parallel to the driven roller, provides an idling 
roller. The torch is mounted at the end of the rollers 
away from the Radiagraph, with standard adjustments 
for height and lateral position, so it can be set to the 
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cutting position diagrammed in Fig. 2, whatever the 
diameter of the pipe to be cut may be. 

An adjustable stop can be arranged for repetitive cut- 
ting of duplicate lengths, and when the rig is not in use, 


the Radiagraph can be used for its regular cutting work. 
All that is required to attach it to or detach it from the 
pipe-cutting rolls is the exchange of one drive-wheel for 
a gear. 


eating, Forming and Bending by the 
yvacetvlene Process 


® Extracts from paper presented before The American Weld- 
ing Society, Chicago Section Meeting, January 21, 1949 


by William A. Thiel 


HE fact that metals expand or contract with 

changes of temperature is well known to every one, 

and is easily understood. It is also known that 

these forces extend in all directions simultaneously. 
If the forces of expansion are resisted by other parts of 
the member or structure or by cold metal adjacent to 
the heated area, expansion is constrained and the 
heated metal will be upset if the vield point at that par- 
ticular temperature has been exceeded. The upset 
metal, when cooled is shorter than it previously was and 
exerts a pulling force on the adjacent metals and can be 
used to cause a straightening effect. Take for instance a 
bar which has been bent into a slight bow. By heating 
on the convex side the forces above described are 
brought into play, the convex side shortened when 
cooled, and straightening forces effected, by pulling 
the other side up into a straight line. Similarly a bulge 
may be flattened by heating the top of the buckle or 
bulge, and the same forces effect a straightening opera- 
tion. The application of these principles to structural 
steel result in application to a number of structural 
members, plain or fabricated and a few practical exam- 
ples will be given. 

1. Straightening materials, such as plates, structural 
shapes and particularly welded materials. It has become 
commonplace to straighten with heat, at a great saving 
in time. These have to be handled as individual cases 
but the basic principles employed are the same as above. 

2. Strarghtening flanges particularly on pieces such as 
welded girders. 
in. By application of heat on the outside of the flange 


Due to welding, the flanges tend to bend 


and in line with the web, forces are exerted that will 
pull the flange into a straight position. 

3. Treatment of buckles. By heating the bulged part 
of the buckle in one or more places, the buckle can be 
removed and the plate successfully straightened. 

t. Cambering beams. Ut often is necessary to camber 


beams. Rather than move them to a gagging press, the 


William A. Thiel is Superintendent of Constructior 
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use of the oxyacetylene torch permits the cambering 
operations to be done at the skid, applying heat on the 
side that is to have the camber. Heat is applied at sev- 
eral locations, spaced according to the size and length 
of the beam and the amount of camber desired 
times water is used to assist in cooling but more often it 


some 


is not found necessary. 

5. Structural fabrication. It sometimes becomes 
desirable to bend various structural pieces in the course 
of fabrication. Lf only one or two pieces are required 
and it is not economical to set up Various machines such 
as presses or bulldozers, by heating locally on the bend 
line and by application of mechanical force, it becomes 
economically feasible to perform this operation, some 
times at the fitting skid. The ease of heating localized 
areas and the speed of the operation are factors in this 
class of work. The heating torch is often used as a valu- 
able adjunet to the fitting skid especially in fitting com- 
plicated bent work and irregular shapes that are hard 
to fit. 

6. Flame softening. In the use of structural alloy 
steels such as silicon or nickel steels, it is often desirable 
or necessary to flame soften the flame-cut edges of the 
material. This is usually done for two purposes: first, 
to relieve strains that might exist should the flame-cut 
edge be too suddenly cooled, and second, to soften the 
edge so that it may satisfactorily be machined. Plates 
often must be edge-planed and beam or column sections 
must often be milled for bearing. To pass a heating 
torch over the flame-cut edge flame softens it so that 
satisfactory machining can be done, and in the case of 
the flame-cut edge left unmachined, the rate of cooling 
can be controlled by means of a heating torch, eliminat- 
ing to a great degree the strains resulting from rapid 
cooling. The heating torches may be manually operated 
or a heating torch may be mounted on the shape-cut ting 
machine so arranged as tofollow immediately behind the 
cutting blowpipe. 


7. Preheating and controlled cooling. The heating 
blowpipe is very valuable to preheat for welding, and 
also to assist in the controlled cooling of weldments 


where the operation is of a local character and does not 
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warrant placing the weldment in a furnace for heating 
or cooling. 

For repair work on steel or iron castings especially 
where the repair is made by bronze welding, the use of 
an additional heating blowpipe is often desirable in ad- 
dition to the welding blowpipe, and is of great benefit in 
all phases of the welding operations such as preheating, 
maintaining heat and equalizing the heat prior to con- 
trolled cooling. Extensive repairs to gears, machine 
frames and other machine parts have been successfully 
made. 

TYPE OF EQUIPMENT USED 

The equipment found to be most useful is a welding 
blowpipe with a multiflame tip. The capacity required 
will vary with the job. For the heaviest and most 
rapid heating, a blowpipe having a capacity up to 250 
eu. ft. per hour with a round tip having about 21 flames, 
has been found very satisfactory. This has a very 
rapid heating capacity and is found to be a dependable 
portable tool. 


For fuel gas, various fuels of the propane type may 
be used, but it has been found desirable to use acetylene 
because it lends itself easily to being generated on the 
premises and piped throughout the working areas of 
the shop and yard. Piped oxygen and acetylene are 
found to be desirable for several reasons: 

1. It is cheaper to purchase oxygen in large lots and 
pipe it to locations where needed than to use 
evlinder oxygen. Likewise it is cheaper for 

quantity consumption to purchase carbide and 

generate acetylene than to purchase it in in- 
dividual cylinders. 

The use of piped gases entirely eliminates cylinder 
handling which even under ideal conditions is 
quite costly. 

The use of piped gas eliminates waiting time by 
burners, welders and heaters while cylinders 
are changed, and it is necessary to move only 
the regulators, hose and blowpipe when mov- 
ing from one location to another. 


andy Clamp for Lining Up Pipe 


by L. W. Young 


TOU can do i better welding job on pipe when vou 
get the proper space between the ends, and hold 
that spacing by proper clamping. The accom- 

panying sketch shows how to make a simple clamp 
from material you probably have in the shop now 
To set up the clamp for welding, place the two pipe 
sections in the angle iron trough. A spacer, made ot 
welding rod, is the simplest method to obtain the proper 
spacing between the pipe ends. To make the spacer, use 
your blowpipe to heat a piece of welding rod of the de- 


L. W. Young is with The Linde Air Products Co., Newar N.J 


sired diameter. Then bend it to a V-shape. Place the 
spacer rod between the pipe ends, as shown in Fig 3 

Then butt the pipe sections against the rod and fasten 
the clamp. To make the clamp secure, draw the chains 
over the pipe and slip a link into the slot. One of the 
links must bear on the underside of the base plate, as 
shown in the sketch. Then turn up the nut until the 
chains are tight Pull out the space! rod and make 
several tack welds. Loosen the clamp and make the 
finished weld 

This clamp can be used on pipe up to 3 in. in diameter. 
For larger pipe, increase the length of the angle iron, 
the base plate and the chains 


Spacer made from 
welding rod 


Enlarged Section 


Hole drilled for 
A-A eyebo/t 


‘Slot cut with 


- Liowpipe 


Detail of Plate -2 needed 


This sketch shows the construction details of a simple clamp for lining up pipe 
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Resistance Welding at Work 


MOTOR HOUSINGS 


ERE an electric motor housing composed of 7 parts 
is loaded on a 10-station indexing table and 
welded at the rate of 2000 units per hour. The 
table is ratchet actuated and is synchronized with 

the welder. Shaped mandrels mounted on the table 
serve as loading fixtures for parts other than those being 
welded. As indicated in the diagram, most of the feed- 
ing is by hopper or magazine —with two operators load- 
ing where automatic feeding is not practical. 

Parts reach the final stage of loading at station No. 8, 
and station No. 9 completes an unusual projection 
weld. Slinger shield loaded at station No. 1 and dust 
cap at No. 8 are preformed with 6 projections each. 
These two units are simultaneously welded to the shell 
loaded at station No. 7. 

The thicknesses welded are 0.017-, 0.023- and 0.029- 
in. cold-rolled steel. The completed unit is automati- 
cally ejected at station No. 10 into a receiving bin. 

The same welder is used to weld a similar, but differ- 
ent sized motor housing assembly. A different index 
table is used for this and additional hopper feeds are 
brought into use at stations No. 2 and No. 4. 


Data and photos courtesy of Seiaky Bros., Ine., Chicago, Il 
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Sciaky machine for welding motor housings 


The Sciaky welder used for this job makes the three- 
thickness-weld on a power rating of only 100 kva.! 
This is because it is equipped with ‘“Three-Phase”’ con- 
trol—a feature which cuts current required 75°; draws 
a balanced load at 857 or better power factor. 


Fig. 1 The above plan-view illustrates how the various 

component parts of the motor housing are fed, welded 

and ejected at the various stations. Stations 2 and 4 are 
used when welding a different size housing 
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Stud Welding Cuts Plumbing Costs 


HE installation of bathroom and kitchen plumbing 

fixtures in the more than 2200 dwelling units in- 

cluded in the New York Housing <Authority’s 

Gowanus and Astoria housing projects has been 
greatly simplified by the use of stud-welded anchor 
plates. 

The anchor plates are being produced by the J. J. 
Gribbins Co., Long Island City, to specifications set by 
James W. Ellis, engineer for Lipsky and Rosenthal of 
Brooklyn, who have the plumbing 
The J. J 
has contracts to provide similar anchor plates for the 
Gov. Alfred E. Smith and Woodside projects involving 
2300 dwelling units. 

Simple loading fixtures and templates used in 


and heating con- 


tracts for these projects. Gribbins Co. also 


Fig. 1 Female threaded studs end welded to anchor plates 
with the Nelson stud-welding gun by the J. J. Gribbins 
Co., simplify the installation of bathroom and kitchen 
plumbing fixtures in more than 5000 family units at three 
New York housing projects. This view shows a typical 
bathroom anchor plate, which is secured to the wall studs 
with U-bolts. The four female studs in the foreground 
are for suspending the toilet tank, and three in the back- 
ground will support the wash basin 


May 1949 


production of the anchor plates on which female studs 
are end welded with the lightweight Nelson automatic 
stud-welding gun have enabled operators to average 30 
units per hour. Each bathroom unit has seven studs, 
four for suspending the toilet bowl and three for the 
wash basin. Those which support kitchen sink and 
tray have five studs. 

The cost of installing fixtures has been materially 
reduced by the elimination of through bolts, which make’ 
it necessary to run nuts all the way down to the plate 
before metal lath and plastering is installed. The stud- 
welded anchor plate is secured to the wall studs with 
U-bolts in the usual fashion, after which the wall can be 
entirely finished, since the studs are sufficient to extend 
through the lath and plaster. 


Fig. 2 This simple loading fixture facilitates the produc- 


tion of anchor plates used for the installation of plumbing 
fixtures in three large New York housing projects. One 
operator can load while another is stud welding: thereby 
doubling the productivity of the Nelson stud-welding gun 
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activities 


WELDING SOCIETY 


related events 


Meeting of Executive Committee 
of the 
American Welding Society 


\ meeting of the Executive Committee 
was held in Room 1101, Engineering 
Societies Bldg., New York City, on Mar. 7, 
1949, with the following in attendance: 

Members: O. B. J. Fraser, H.W. Pierce, 
R.S. Donald and T. B. Jefferson. 

Board Members: D. Arnott and H. ©. 
Hill. 

By Invitation: EK. Holloway, Attorney; 
R. BD. Thomas, Chairman, Permanent 
Fund Committee and A.W.S. delegate on 

Staff Members: J. G. Magrath, M. M. 
Kelly, W. Spraragen, F. J. Mooney and 
Ss. A. Greenberg. 


Confirmation of Appointments 


On motion, duly seconded, the following 
changes in standing committee personnel 
were confirmed: 
Program Committee—Replacement of 
T.C. Fetherston by Homer Morrison, both 
of The Linde Air Products Co. 

Convention Committee— Appointment of 
M.S. Shane and R. J. Kriz as Chairman 
and Vice-Chairman, respectively, of the 
1949 Convention Committee. 


International Institute of Welding 


Discussion on matter covered in com- 
munication, dated Mar. 7, 1949, to the 
Executive Committee, Board of Directors, 
from the Executive Secretary, which was 
appended to the agenda of this meeting, 
brought forth the following expressions of 
opinion: 


Since the L1.W. has been in existence 
less than a vear, it is too soon to deter- 
mine the value of U.S. participation in 
this international movement and it is 
therefore advisable to retain member- 
ship for a second year 
there is little possibility, from the stand- 
point of consumption of time and ex- 
pense, of having suitable representation 
at International Institute meetings held 
abroad ; 
it does not appear now that there is 
much more to be gained through mem- 
bership affiliation than can be obtained 
from our present procedure of exchange 
of welding literature with the welding 
institutions of foreign countries: 
for the sake of good will, in so far as 
manufacturers of welded products and 
welding equipment are concerned, it is 
desirable that an indication of willing- 
hess to cooperate be demonstrated to 
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foreign interests. Toward that end, it 
is believed the manufacturers of welded 
products and welding equipment might 
be willing to contribute to A.W.S. to 
such extent that it in turn could support 
L.I.W. membership affiliation; 

in view of skepticism of beneficial re- 
sults to be derived from continuing mem- 
bership affiliation, it is believed advis- 
able, in transmitting dues payment for 
the past year and in apprising of inten- 
tion of continuing membership for a 
second year, to acquaint the officers of 
L.1.W. with the fact that future U. 8. 
representation in L.I.W. will depend 
largely upon the two years’ accomplish- 
ments and upon future assessment, both 
monetary and in services. 


Discussion resolved itself into the follow- 
ing motions: 


(a) that payment be made for U. 8. 
representation in LILW. for the 
calendar vear 1948; 

(b) that U.S. representation, sponsored 
by A.W.S. and W.R.C., be continued 
for a second vear, at a total cost not 
to exceed £175, and that in trans- 
mitting check to cover the first 
annual dues payment, the officers of 
measure of skepticism as to the 
benefits that might be derived from 
U.S. representation in this inter- 
national movement and U. 8 
representation in the future will 
depend largely upon results attained 
and membership 
money and Services; 
that in view of possible special 
interest on the part of a number of 
the manufacturers of welded prod- 
ucts and of welding equipment in 
having representation in L.1.W., it is 
in order to solicit voluntary sub- 
scriptions from them toward under- 
writing the expense of such repre- 
sentation. 


be informed there is some 


assessment in 


It was reported by the Executive 
Secretary that Dr. A. B. Kinzel, the desig- 
nated Vice-President and one of the U.S. 
delegates in L.1.W., has advised of his 
inability to attend the next meeting of 
L.I.W., scheduled to take place this spring 
in Holland. Howard Beers, of the same 
company, Will attend the coming Congress 
andisagreeable to representing the SOCIETY 
at this Congress, if such move is aceept- 
able to the Socrery 

Upon motion, duly seconded, it was 
voted to accept Dr. Kinzel’s suggestion to 
have Howard Beers, of the Union Carbide 
& Carbon Research Labs., substitute for 


Society Activities and Related Events 


Dr. Kinzel at the Congress, to be held this 
spring in Holland, 


Appointment of Assistant Secretary and 
Assistant Treasurer, AWS 

Communication, dated Mar. 7, 1949, to 
the Executive Committee, Board of Direc- 
tors, from the Exeeutive Secretary was 
duly considered, after which it was voted 
to recommend to the Board of Direetors 
for approval appointment of F. J. Mooney 
to the offices of Assistant Secretary and 
Assistant Treasurer, effective May 1, 1949 
Retirement of Secretary of the Society 

During the discussion of this matter , the 
Secretary was excused and Mr. Jefferson 
serving as Secretary pro tem, re¢ orded the 
passing of the following motions: 


Resolved that recommendation be 
made to the Board of Direetors of the 
Sociery: 

that provision be made in the A.W.S. by- 
laws for position of Sceretary Emeritus 
by adding a new section, to be known as 
Section 12, Article VIII, reading ais 
follows: 

“Article VILL, Section 12 
Emeritus. The Board of 
may from time to time, in its discretion, 
appoint any past Secretary of the 
Society ‘Secretary Emeritus,’ for such 
term and with compensation and duties 
as the Board may designate” 


Secretary 
Directors 


that the office of “Executive Secretary 
be abolished and the duties of that 
office be combined with the duties of 
“Secretary” to take effect at the end of 
the current fiscal year; 

that M. M. Kelly be elected to the office 
of “Secretary Emeritus,”’ effective as of 
Oct. 1, 1949; 

that draft of contract between A.W.S 
and Secretary Kelly, prepared by th 
Society's attorney, with such modifica- 
tions as were approved by the Executive 
Committee at this meeting, be reeom- 
mended for adoption by the Board ot 
Directors; 

that Secretary Kelly be requested to 
attend the May 1949 Board of Direc- 
tors’ meeting and that leave-of-absence, 
at full salary, be granted her from June 
Ist to and including Sept. 30, 1949 


Restoration of Sustaining Member Benefits 


The Executive Committee voted ap- 
proval of recommendation of the Finance 
Committee, namely, that action of the 
Board of Directors at its meeting in 
Buffalo on Feb. 26, 1948, relating to with- 
drawal of Sustaining Member benefits, 


THe WELDING JOURNAL 


E 
j 
| 
4 
] 
we 


\ newly dev eloped Inco electrode these diameters: 3/32”, 1 9”. 5/32”, 
now makes it possible to apply a and 3 16”. Your nearest Inco distribu- 


Monel w eld deposit directly to steel = tor stocks them. 


without interfacing. This means, for , 
For complete information about 


many shops, considerable saving in 
: I Inco s welding materials, send for the 


time, labor, and material cost. 
latest catalog. Trace mo * 
The “140™ Monel elec trode deposit 
is not apprec iably diluted by the steel 
and the weld metal retains its corro- 
sion-resistant qualities. Welds made 
with this new electrode are sound 
and ductile: capable of meeting vari- 
ous code requirements 
The “140” Monel* electrodes are 

rect ymmended for the following appli 
cations: 

Welding Lukens Monel-Clad Steel 

clad side)- 

Overlaying Monel on steel. 


Joining Monel to steel 


Guided bend test specimen of welded overlay 
lw ith w 140" Monel electrode directly 
on 3" by 4 late. Note the excel 


pc reversed polarity, are supplied in lent ductility on ¢ the deposit 


“140° Monel electrodes, usec 
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Model 5: 500 Ib Worthington- 
Ransome Welding Positioner 


Model IP: 100 ib Worthington- 
Ransome Welding Positioner 


Model 400: 20-ton Worthington- 


Ransome Welding Positioner 


Model 240: 12-ton Worthington-Ransome Welding Positioner ete . 


One sure way todrive production ing heavier electrodes, for better, & 

costs down and meet competitive neater, quicker welds. 

prices is to have a Worthington- The full line of Worthington- 

Ransome positioner ‘“‘handle" the Ransome positioning equipment 

work. Your welder can then get includes Positioners with capaci- 

more arc time out of each work- ties from 100 Ibs to 20 tons; and 

ing hour. Turning Rolls with capacities 
All welds, either manual or au-_ from 3 tons to 75 tons, 

tomatic, can be made in the eco- both stationary and 

nomical ‘‘downhand”’ position, us- self-propelled. 


Welding Positioners 
Turning Rolls 


: Worthington Pump and Machinery Corp 
WORTHINGTON 


Please send Bulletin 210C on Worthington 
Ransome Welding Positioners. 


WORTHINGTON PUMP AND MACHINERY CORPORATION | 
Welding and Assembly Positioning Equipment Division COMPANY 
ADDRESS 


| 


DUNELLEN, NEW JERSEY 
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that is, in furnishing gratis the annual 
bound volume of THe JourRNAL 
and copy of the Soctery’s codes and stand- 
ards as issued, be rescinded. 


Educational Books 


It was voted to request the Educational 
Committee to consider and report back to 
the Board of Directors on the possibility of 
the appointment of a subcommittee, with 
personnel and scope as follows: 

Personnel: Composed of members who 
are engaged in educational activities with 
experience in the production and sale of 
educational books 

Scope: To explore industry's needs for 
welding educational books and sales possi- 
bilities of books listed in the Executive 
Secretary's communication of Mar. 7, 
1949, as well as other books that may come 
to the attention of the subcommittee; and 
further, to supervise and have jurisdiction 
over the production and sale of welding 
educational books published by — the 
Socievry so as to insure the suecess of this 
activity, financially and otherwise. 

Progress Report on the 1949 Annual 
Meeting was presented to the meeting and 
was accepted with thanks and the Seere- 
tary Was requested to express our grati- 
tude to all responsible for assisting in 
effecting the satisfactory arrangements 
shown in this progress report. 

It was reported that the Soctery had re- 
ceived from A.S.M., a further contribution 
of $75 representing the Society's share 
of exhibit rental in the 1948 Exposition. 


By-Law Amendments 


Amendments of by-laws submitted by 


Mr. Hill, a member of the Constitution 
and By-Laws Committee, in behalf of the 
Chairman of the Committee, were given 
most careful consideration. With the 
changes proposed at this meeting incor- 
porated, the amended by-laws as given 
elsewhere were approved with reeommen- 
dation for adoption by the Board of Diree- 
tors. 


TAC Recommendations 


Following are the actions taken on 
recommendations of the Technical Activi- 
ties Committee,as coveredin memorandum 
dated Feb. 18, 1949, to the Board of 
Directors from the Technical Secretary 
and attached to the agenda of this meet- 
ing: 

Proposed Standard Welding Terms and 
Their Definitions On recommendation of 
T.A.C.,, it was voted to approve, as a full 
standard of the Socrery, Standard Weld- 
ing Terms and Their Definitions and 
Master Chart of Welding Processes, pre- 
pared and submitted by the Committee on 
Definitions and Chart as a revision of the 
standard issued in 1942, subject to the 
necessary editorial corrections. 

Expansion of Scope of A.W.S. Technical 
Committee Activities -Recommendation of 
T.A.C. for the expansion of scope of 
A.W.S. Technical Committee Activities, 
to include the soft soldering process, was 
considered. It was voted to post pone 
action on this recommendation until the 
next meeting of the Board of Directors to 
permit further study of this matter. 

Revision to Rules for Welding Piping in 


Marine Construction On recommendation 
of T.A.C., revision of the 1948 Rules for 
Welding Piping in Marine Construction, 
by adding item (4) under Par. 7b, reading: 
“Sleeve and socket joints may be welded 
without size limitations,’ was approved 

Appointment of A.W.S. Representative 
on Inter-Society Corrosion Committe: of the 
National Association of Corrosion Engi- 
neers Negative action was taken on 
T.A.C. recommendation that this appoint- 
ment be not made as it was deemed advis- 
able before action is taken, opportunity be 
afforded the President of the National 
Association of Corrosion Engineers to fur- 
nish T.A.C. with more complete informa- 
tion on the activity in question 

Revision to Rule 12, Rules to Govern 
Organization, Functions and Operations of 
Technical A.W.S.—On 
recommendation of T.A.C. and for reasons 
cited in memorandum dated Feb. 18, 1949, 
to the Board of Directors from the Tech- 
nical Secretary, it was voted to approve 
revision to Rule 12 of Rules to Govern 
Organization, Functions and Operations of 
Technical Committees of A.W.S.) The 
revised rule now reads: 

“The Chairman and Vice-Chairman of a 
technical committee shall be elected for 
three-vear terms. Neither officer shall be 
eligible, exeept by specific action of the 
Technical Activities Committee, or the 
Executive Subcommittee of the Technical 
Activities Committee, to serve two con- 
secutive terms in the same office. The 
Technical Activities Committee shall 
regulate the election of technical committee 
officers so that approximately one-third of 
them are changed each year. Prior to 


Committees of 


Something new... 


CUT YOUR COSTS 
WITH A HIGHER PRICE WELDING ROD! 


“BLUE COMET” ELECTRODE (AWS 6020-6030). 
SAVES 40% OF WAGE COSTS 
OUTSTANDING DEPOSITING RATE: 0.25 GR./AMP. MIN. 


SOUDOMETAL s.a. 


MANUFACTURERS OF EXTRUDED ARC WELDING ELECTRODES 
83 CHAUSSEE DE RUYSBROECK, BRUSSELS, BELGIUM 


Now at the Belgian exhibit in New Orleans 


(DISTRIBUTORS WANTED) 
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THE AUTO ARC WELDING 
HEAD AND CONTROLS... 


are designed for open-arc, shielded-arc, or submerged-arc 
welding with either A.C. or D.C. Units are interchangeable, 
compact, light weight, accessible and easily installed. 


This universal unit is the heart of the special purpose 
arc welding machines designed and built by our organization. 
If your needs involve a metallic arc we can supply a complete 
machine ready to operate; and the responsibility of 
performance is ours. 


Our personnel, with years of experience in automatic 
welding, is available to assist with your welding problems. 
Inquiries are invited for technical information. 


i. we 8007 GRAND AVENUE ° CLEVELAND 4, OHIO 
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expiration of officers’ terms of office, the 
chairman of each technical committee 
shall arrange for an election of officers to 
serve for the ensuing two years. In case 
of failure of any technical committee to 
elect officers, it shall be the privilege of the 
Technical Activities Committee to desig- 
nate the new officers.” 

Appointment of A.W.S. Representative 
on AS.M. Handbook Committee—On 
recommendation of T.A.C., the appoint- 
ment of C. H. Jennings as A.W.S. repre- 
sentative on A.S.M. Metals Handbook 
Committee, was approved 

Appointment of A.W.S. Representative 
on A.S.A,. Sectional Committee on Standard 
for Drawings and Drafting Room Practice, 
Z14—The Executive Committee concur- 
red in opinion of T.A.C. that A.W.S 
representation on this Committee is 
unnecessary if participation in A.S.A. 
Sectional Committee Z32 on which A.W.S 
has representation, covers properly the use 
of Standard Welding Symbols. 

Assistant Technical Secretary— On recom- 
mendation of the Technical Secretary in 
conference with the Executive Secretary, 
and with the approval of T.A.C., it was 
voted to recommend to the Board of Direc- 
tors for confirmation at its May 13, 1949, 
meeting, advancement of J. 1. Medoff from 
the post of Technical Assistant to the 
Technical Secretary and Handbook Editor, 
to the post of Assistant Technical Secre- 
tary. 


Death of George Herren 


In a memorandum distributed at this 
meeting, and attached to minutes of 


A Few of the - 
Many Applications 


Developed primarily to enable fabricators and engi- 
neers to weld those grades of steel formerly considered 
unsuitable for welding, the HY-LO Electrode is indi- 
cated for use on sulphur free machining steel and 
numerous grades of low alloy and hardenable steels. 


Broken plow share 
welded with HY-LO. 


The HY-LO Electrode greatly increases the latitude of 
welding operations and permits employing welded — 


absent members, attention was drawn to 
the sudden death of Mr. Herren, a founder 
member and Secretary of the Columbus 
Section, who had served the Society faith- 
fully for the past eleven years. Acting 
President Fraser was empowered to 
appoint a Committee of two to draw up 
suitable Memorial Resolutions for presen- 
tation at the next meeting. 


Correction Notice 


In an article entitled, “Trends in Resist- 
ance Welding Here and Abroad,” pre- 
pared by Hensel and Holt of the P. R 
Mallory Co., which was published in the 
November 1948 issue, there appeared illus- 
trations of three welding machines of 
British manufacture. Figures 2, 3 and 4 
were obtained through the courtesy of the 
Metropolitan-Vickers Electrical Corp. of 
England and this courtesy is hereby ac- 
knowledged. 


Bound Volume 1918 


\ few bound volumes of Tae WELDING 
JouRNAL for the year 1948 are available in 
black imitation leather covers, together 
with a comprehensive subject and authors 
index. Price $12.50. 

This volume, comprising a total of 
1108 pages in the JoURNAL and an addi- 
tional 616 ages in the Welding Research 
Supplement, represents a veritable eneyclo- 
pedia of information in the welding field. 
Copies may be ordered through the 


CHAMPION H Y-LO Electrode 


construction in a broad field of applications. 


RIVET COMPANY 
CLEVELAND, OHIO 


alloy pipe 
welded in three positions 
with HY-LO 


SEND FOR DESCRIPTIVE CIRCULAR 


AMERICAN WELDING Socrery, 20 W. 39th 
St., New York 18, N. Y 


Revisions to A.W.S. By-Laws 


The following revisions to the A.W.S 
By-Laws have been submitted by the 
Constitution and By-Laws Committee and 
were approved by the National Executive 
Committee on Mar. 7, 1949. 

VIII, Seetion 1. List of 
Officers. Delete the words “an Executive 
Secretary.” 

ArticLte VIII, Section 8. Executive 
Secretary. Delete. Renumber Sections 
9 to 11, inclusive, as 8 to 10, inclusive. 

Add a new Section to Article VIII as 
follows: 

Articie VIII, Section 11. Seeretary 
Emeritus. The Board of Directors may 
from time to time, in its discretion, appoint 
any past Secretary of the Socrery “Secre- 
tary Emeritus,” for such term and with 
compensation and duties as the Board may 
designate. 

Artic.Le LX, Section 1. Nominations. 
Nominations for officers except Honorary 
Directors, Secretary, Assistant Secretary 
and Assistant Treasurer, shall proceed as 
follows: (balance no change). 

Articte X, Section 8. 
Secretary. Delete. 

ArticLe X, Sections 9 to 12. 
ber as Sections 8 to 11, inclusive. 

Artic Le X, Section 7, revise as follows: 
Sub-Section (a) 


Duties of 


Renum- 


Duties of Seeretary 


( CHAMPION'S 


line of HY-LO Elec- 
trodes includes E-8015, 
E-9015 and E-10015 


for higher tensile and 


alloy steels. 


You'll want a copy of 
our new booklet “HOW 
to CHOOSE and USE the 
CORRECT ELECTRODE.” 
Write for it. 


EAST CHICAGO, IND. 
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peeds Welding 25% 
with Heavier Current 


By DELBERT CRAVEN, Supt. 
The Alliance Structural Co. 
Alliance, Ohio 


We fabricate many different types 

of cranes ranging up to 300 tons 

capacity. Most of these structures 

involve heavy, boxed-up sections on 

which arc blow seriously limited 

the amount of current and the weld- 

ing speed that could be used. By 

Delbert Craven installing 500-amp. AC ‘‘Fleet- 

welders’ for this work, we have 

eliminated arc blow, and the operators are now able to 

boost their welding current from 300 to 385 amperes, 

resulting in 25°; faster welding. Moreover, the welds 
are of higher quality and easier to make. 

The crane girder shown in Fig. 1 is typical of the kind 

of weldment now being fabricated in our shop. The top 


and bottom plates are 7%" plate, fillet welded to 544” 


side plates with large diameter 14” “Fleetweld 7” elec- 


trodes. Many of the welds on this 85 ft. crane girder are 
single pass 5j¢”" fillets requiring heavy sustained welding 
at high currents (Fig. 3). 

Substantial savings in idle power losses are further 
helping to cut our costs on these jobs. Where the idle 
factor is high, such as leaving the welder connected to 
the line while fitting up parts, considerable cost savings 


are made since the ‘‘Fleetwelders” draw far less current 


Fig. 2. Setting correct welding current with Continuous Current 
Control on the 500-amp. Lincoln ‘*Fleetwelder’’ AC arc welder. 
“Fleetwelder” has exclusive ‘“‘Arc Booster’ that makes arc striking 
easy on all types of work. 


Fig. 1. Girder for 60-ton capacity crane AC weld fabricated with 


the new Lincoln ‘Fleetwelder.” ‘Top and bottom plates are 75” 
steel sides are %'’ plate. Girder is 85 ft. long, 76 in. high and 
28 in. wide . . . weighs 20 tons. 

from the line than the motor driven equipment formerly 


used. 


A comparison of the all welded crane girder with 
similar size riveted designs shows a saving of 20°) in 
weight. This weight saving is largely the result of elimi- 
nating connecting members and rivets by arc welding. 


Fig. 3. Fillet welding rope guard of 5” pipe to bottom plate with 
14" “Fleetweld 7” electrode and using 385 amps. welding current. 
Fillet welds are single pass >j¢'° continuous and intermittent. 


The above is published y THE LINCOLN ELECTRIC COMPANY ite interesis of orogres. 


For further information on the“ Fleetwelder,” write for Bul. 366. The Lincoln Electric Company, Dept. 95, Cleveland 1, Ohio. 
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This latest model relay firing 
timer employs standard octal 
base thyratron tubes and is 
designed with interchange- 
able front or side mount of 
timer dials when employed 
in a standard combination. 
Constructed with Weltronic 
“PLUG-IN..SWING-OUT” 
timer panels. Opening of 
front gives easy access to re- 
sistors, capacitors and wiring. 
Independently adjustable 
time periods. Universal 
power supply. 


Wwe WELD TIMERS 


Now Available with Large 2050 Thyratron Tubes 


SPECIAL WELTRONIC FEATURES 


Interchangeable front or side mount of timer dials when used in 


standard NEMA combinations. 


2. Control tubes are large type 2050 gas tetrode thyratron tubes. 


3. Industrial heavy duty relays. 4. 


Improved electronic circuits 
for “tube sequencing" instead of relay sequencing. 


5. Note Dead- 


Front and Plug-In construction. 


6. 


Pre-charged timing capacitors insure 


accurate timing. 


Provision 


OPTIONAL FEATURES 


is made for 2 stage foot 


switch operation on 115 or 24 volts and 


we 


interlocking 


Ie 9 g kit. An 
Id time control accessory and an 
relay panel to prevent 


simultaneous use of 2 welding guns with 


1t 


teall 


and 


WELTRONIC CO 


19500 WEST 8 MILE 
@ DETROIT 19, MICH. 


WELTRONIC COMPANY 
19500 WEST 8 MILE RD. 
DETROIT 19, MICHIGAN 


NAME 
COMPANY 
ADDRESS .. 
city 


Please send bulletin #16 describing your relay firing NEMA 3B and 5B sequence weld timers. 


ATT. ADVERTISING DEPT. 
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delete the word “Executive,” balance no 
change. 

Sub-Sections (b) to (A), inclusive, no 
change. 

(¢) He shall attend all meetings of the 
Society, of the Executive Committee and 
of the Board of Directors; prepare the 
business therefor; and duly record the 
proceedings thereof. 

(j) He shall see that all monies due the 
Sociery are carefully collected, and with- 
out loss transferred to the custody of the 
Treasurer. 

(kK) He shall carefully serutinize all 
expenditures and exert every effort to 
secure economy in the administration of 
the Society and shall personally certify 
the accuracy of all bills or vouchers on 
which money is to be paid. 

(/) He shall have charge of the books of 
account of the Socrery and shall furnish 
monthly to the Treasurer a statement of 
and expenditures under their 
several headings and also a statement of 
monthly balances and shall furnish from 
time 
may be required 

(m) He shall conduct the official cor- 
respondence of the Socretry and keep com- 
plete records thereoi. 

(n) He shall have charge of the 
Society's rooms and all property of the 
SocreTy, 

(o) He shall give the Soctery a bond in 


receipt s 


to time such other statements as 


a sum, and with one or more securities as 
required by, and satisfactory to, the Board 
of Directors for the faithful performance 
of the duties of this office and the restora- 
tion to the Socrery in the case of death, 
resignation or removal from office of the 
Secretary, of all books, papers, vouchers, 
money or other property of whatever kind 
in the Possession of the Secretary, belong- 
ing to the Society. The cost of the bond 
shall be borne by the Socrery 

ArticLe X, Section 11 
Assistant Treasurer. 

(b) The Assistant Treasurer shall be, 
ex-officio, a member of the Finance Com- 
mittee. (Delete the balance 

Articte XII. Change the title from 
“Committees” to “Standing Committees.” 

Articie XII, Section 2. Finance Com- 
mittee. A Finance Committee, selected 
from members of the Board of Directors, 
which shall pass upon all expenditures, 
prepare the next year's annual budget for 
submission to the Board of Directors at 
the Board's first meeting in the new fiscal 
vear and have general charge of the fi- 
nances of the Socrery. The Treasurer 
shall be chairman of the Finance Com- 
mittee and the Assistant Treasurer shall 
be, ex-officio, a member of the Committee. 

Articte XII, Section 6. Publication 
Committee. Change the name of this 
Committee from “Publication Commit- 
to “Welding Journal Committee.” 
Substitute for the wording of 
Section 6 the following wording: “Welding 
Journal Committee. The Welding Jour- 
nal Committee shall solicit and edit papers 
for, and supervise, the publication of Tue 
JouRNAL in with 
established rules governing the publication 
of the Soctery’s JoURNAL as approved by 
the Board of Directors.” 

ARTICLE XII, Section 10 Technical 
Activities Committee. Substitute for the 


Duties of 


present 


accordance 
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AGE ELECTRODES 


AMD -AS RODS 


ASK YOUR PAGE DISTRIBUTOR 
ABOUT: 


Page Allegheny Stainless Steel Electrodes 
and Gas Welding Rods 


Page Range of Types 
Page field Service 


Page Research 


AND 


Prompt Delivery from Warehouses in Chicago, 
Denver, Philadelphia, San Francisco and the factory 
at Monessen, Pa. 


Monessen, Po., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


- PAGE STEEL AND WIRE DIVISION | 


AMERICAN CHAIN & CABL 


TRADE’ 
MARK 
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TURNING TANKS 
1S OUR BUSINESS! 


YOU'LL WELD 'EM AT LESS 
COST IF YOU USE 


REED ENGINEERED 
TURNING ROLLS 


THE ONLY COMPLETE LINE OF 
MODERN TANK WELDING 
EQUIPMENT 


* THE NEW RD-20 TURNING 
ROLL 

Cap. 2,000 Ibs. handles up to 6 ft. « 12 ft 

tanks. Priced at $650.00 F.O.B. Factory 

Described in Bulletin No. 70 


*® HEAVY DUTY TURNING 
ROLLS 

Built in 5 standard sizes, 3 ton, 6 ton, 12'/2 ton, 

25 ton and 50 ton lete details shown in 

Bulletin No. 68 


*® UNIT TYPE FOR AUTOMATIC 
WELDING 


sing Rolls & Track Support inte 


Combines Tu 
one « mwectunit. Made in 5 standard sizes 
Special anits made to order 


*® POWER DRIVEN PIPE ROLLS 


For aceurate fit-up assembly & welding. Both 
standard & special units built to your require 
ments 

We Build a Complete Line of Tank Welding 
Equipment Including Bending Rolls, Assembly 
*resses, Horn Jigs, Track Support § Welding 
(rantries 


COMPLE 


LET NFORMATION 
MAILED A 


El 
YOUR REQUEST 


ED ENGINEERING CO. 


CARTHAGE MISSOUR! US A 


present text of this Section, the following 
wording: “A Technical Activities Com- 
mittee which shall consist of the Chairmen 
of all the Technical Committees of the 
Society and not more than three mem- 
bers-at-large to be appointed annually by 
the President, and ex-officio, the Chairman 
of the Publie Relations Committee. It 
shall have a Chairman and a Vice-Chair- 
man, Who shall be members of the Socrery 
and shall be elected by the Committee's 
membership, but not necessarily from its 
ownranks. These officers shall serve for a 
period of three years. The Technical 
Secretary of the Society shall be the Secre- 
tary of this Committee.” 

The scope of this Committee shall be: 
“To organize and administer the activities 
of the technical committees of the Soc1reTy 
in accordance with the ‘Rules to Govern 
Organization, Functions and Operations of 
Technical Committees of the AMERICAN 
WeLDING Society; to nominate and 
administer the activities of official repre- 
sentatives of the Society on technical 
committees of other societies in accordance 
with the ‘Guide for the Appointment and 
Functioning of Representatives of the 
American WELDING Socrety on Technical 
Committees of Other Societies; 
mote the standards of the Socrevy through 
the \ Was 


A.W.S. representatives on technical com- 


to pro- 
technical committees and 


mittees of other societies; to aet in an 
advisory capacity to the Board of Diree- 
tors In respect to technical matters; to 
administer the preparation and review of 
technical regulatory requirements of gov- 
ernmental and other eode-writing bodios 
and the cooperation with these bodies in 
any other reasonable manner toward the 
elimination of unnecessarily restrictive 
welding requirements through the promo- 
tion of the Soctery's standards: by direct 
action jointly with the Puble Relations 
Committee or by recommendation to the 
Board of Directors to participate in publie 
relations matters of a technical nature 
affecting the interest of the members of 
the Wetping Society to 
promote the teehnical advancement of 
welding through any other means as may 
appear expedient to the Board of Direc- 
tors to insure the best interest of the weld- 
ing industry.” 

“The Teehnical Activities Committee 
shall present a report of its activities dur- 
ing the past vear to the Society at its 
Annual Meeting.” 

XII, Section 11. Technical 
Committees. Delete this Section from 
Article XII Renumber Sections 12 to 23, 
inclusive, to Sections 11 to 22, inclusive 

XIT, Section 13. (New See- 
tion 12) Committee on Awards. A Com- 
mittee on Awards consisting of five mem- 
bers each serving lora period of five vears, 
one member retiring each vear. The 
Chairman of the Committee shall be the 
member senior in service, provided that no 
member during his five-vear term of 
membership shall be eligible to serve more 
than one vear as Chairman, in addition to 
any part of the unexpired term of the pre- 
vious Chairman. Inthe case of a vacaney, 
the Board of Directors shall appoint a 
member to fill the unexpired term of the 
retired member, but he shall not inherit 
the seniority of the retired member. It 
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shall be the duty of this Committee to 
make the awards and nominate those to 
present honorary lecturers at the Annual 
Meeting and to arrange for the presenta- 
tion of such medals, certificates or other 
awards as may be authorized by the Board 
of Directors. (Delete the last para- 
graph.) 

ArticLe XII, Section 15. (New See- 
tion 14) Committee on Permanent Funds 
Change the name of this Committee to 
“Reserve Funds Committee,’ and revise 
as follows: 

“A Reserve Funds Committee of five 
members, each to serve for five vears, one 
member of which shall retire each year 
The Chairman of the Committee shall be 
the member senior in service, provided 
that no member during his five-vear term 
of membership shall be eligible to serve 
more than one year as chairman, in addi- 
tion to any part of the unexpired term of 
the previous Chairman 
vacancy the Board of Directors shall 
appoint a member to fill the unexpired 
term of the retired member, but he shall 
not inherit the seniority of the retired 
The Treasurer of the SocieTy 
shall be, ex-officio, a member of this Com- 


In the case of a 


member 


mittee 

“Funds turned over to this Committee 
by the Board of Direetors shall be in its 
eustody for safekeeping and the Commit- 
tee is authorized to hold these funds in 
eash and or investments approved by the 
State of New York for Savings Banks and 
Insurance Companies. All acts of the 
mmittee shall require the favorable vote 
of at least four members of the Conumittes 

“No disbursements shall be made from 
these funds except on approval of at least 
two-thirds of those present at a meeting of 
the Board of Directors 
pose, and at which a quorum is present, 


illed tor the pur- 


and the eoneurring approval of two-thirds 
of the Reserve Funds Committee. Should 
the Committee fail to approve by a two- 
thirds vote and so advise the Board in 
writing giving its reasons for its failure to 
approve, then the question shall be sub- 
mitted for letter ballot to all the members 
of the Board of Directors. The letter 
ballot must be acc ompanied by a copy ol 
the minutes on this subject of such Board 
meeting and by a copy of the written re- 
port ot the Reserve Funds Committee to 
the Board 
the entire Board membership on the letter 
ballot shall be necessary to authorize the 
disbursement 

“The Committee shall keep full and 


Two-thirds favorable vote of 


accurate accounts of receipts and disburse- 
ments in books belonging to the Socrery, 
and shall render a financial statement to 
the Board of Directors annually, or more 
often if requested ‘i 

Artic.e XII, Section 16 
15.) Publie Relations Committee. Sub- 
stitute for the present wording of this 
Section, the following: 

“A Public Relations Committee not to 
exceed eight appointed members and, ex- 
officio, the Seeretarv of the Technical 


(New Section 


Activities Committee which shall handle 
the relations of the Socrery to the public, 
exclusive of matters specifically assigned 
to other committees. Its duties shall in- 
clude the studying of Municipal, State and 
Federal legislative acts or proposals that 
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you can SURE..iF its 
Westi nghouse 


A-C Welding will help! 


The typical experience of an eastern manufacturer 
demonstrates how Westinghouse a-c welding equip- 
ment can help you to offset rising operating costs. 
Using 27 newly-installed Westinghouse a-c machines, 
this customer enjoys a monthly saving of $810.00 in 
power costs alone . . . enough to pay for the entire 
installation in 18 months! 

The Westinghouse Flexarc “65” pictured above, has 
all the features that contribute to this kind of cost 
slashing performance. Its higher electrical efficiency 
and lower ‘“‘no load” losses mean lower power bills. 
Its lack of moving parts means substantially reduced 
maintenance expense. Its ability to provide good 
welds, faster, means fewer man hours and an attractive 
saving in wages. 

Flexarc “65"’ welders are available in 200, 300, 400 
and 500-ampere ratings and operate with an open- 
circuit secondary voltage of only 65 volts. Arc striking 
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is easy and good arc stability is maintained without the 
addition of troublesome gadgets. 

Westinghouse welding engineers are ready to assist 
you in planning the switch from d-c to a-c or in apply- 
ing a-c to jobs where you have not before considered 
welding. But first, get the complete 
story on the advantages of a-c weld- 
ing in booklet B-4199. Address: 

Westinghouse Electric Corpora- 


tion, P.O. Box 2025, Buffalo 5,N. Y. 
J-21506 
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to 


yourself 


..-here is life-giving money to help those stricken 
by Cancer to live again. EVERY NICKLE AND DIME | 
give helps teach new thousands how to recognize Cancer and what 
to do about it. EVERY QUARTER I give helps support 
laboratories and scientists who are dedicating their lives 
to find the cause—and cure of Cancer. EVERY DOLLAR I send 
buys new equipment, establishes new facilities for treating and 
curing Cancer. Just write “CANCER” on the envelope containing 
your check or money order. It will be delivered to the 
American Cancer Society office in your state. 


AMERICAN CANCER SOCIETY 


Here's my $........................... to help conquer cancer 


Society Activities and Related Events 


affect the Society or the art of v 
the making of appropriate 
tions In order to insure the best 
the we lding art 

ARTICLE XII, Sectix 
tion 17.) Convention Cor 
the words “Secretary 
Committee add **the 
Educational Committee 

AnTICLE XII, Section 2: 
tion 22.) Term of Committ 
the second sentence of the present t 
this Section 

Add « new Articie XIII 
Committees Technical Com 
limited in number, shall be estab! 
shall operate in accordance with the 
revision of ‘Rules to Govern Organizatior 
Function and Operation of Technica 
Committees of the American 
SocieTy under the jurisdiction of the 
Technical Activities Committer 

tenumber Articles NITI, XIV, XV 
XVI, XVII, XVIII, XIX, XX to XIV 
XV, XVI, XVII, XVIII, XIX, NX, 

Article XVII. (New Article XVIII 
Section 1 Fiseal Year revise as fol- 
lows: The fiseal vear of the Socu ry shal 
commence on September Ist and end 
August 31st.” 

Article XX. (New rticle XXI 
Amendments. Section | In the last 
sentence insert the word “eligible’’ before 
the last two words “voting membership 


Other By-Law Amendments 


The Constitution and By-Laws Com- 
mittee suggests the following additional 
revisions Which have not been submitted to 
the National Executive Committee. These 
revisions all relate to the appointment of 
the National Nominating Committee 

ArticLe VI, Section 6. District Nomi- 
nations. Before March Ist, the District 
Vice-President, with the approval of the 
District Executive Committee shall ap- 
point a District Nominating Committes 
consisting of a member from each Section 
in the District. The District Nominating 
Committee shall report to the National 
Secretary not later than the 10th day of 
May of that vear, the name of the nomine+ 
they have selected for the National 
Nominating Committee to serve for the 
following year and for District Vice- 
President, when a District Vice-President 
is due for election, together with the 
written acceptance of the nominees in- 
cluded in the report 

Independent nominations may be made 
by petition of twenty-five (25) or more 
qualified voters, sent to the National 
Secretary not later than July Ist; such 
petitions for the nomination of District 
Vice-Presidents and of District Represent- 
atives on the National Nominating Com- 
mittee shall be signed only by qualified 
voters within the Distriet concerned 
(See Article IX, Section 1.) 

vear the National ballot for 
Nomination of Officers shall include the 
names of the District Vice-Presidents and 
of the members of the National Nominat- 
ing Committee nominated by the District 
Nominating Committees and names of 
nominees nominated by petition in accord- 
ance with the above provision 

Only District members, qualified to 
vote, shall be eligible to vote for District 
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POPULARIZING 


THE 
WELDING 
JOURNAL 


The Publication Committee 
has instructed the Editor to | 
add a special section in The 
Welding Journal each month, 


under departmental 


heading as “Practical Welder 


and Designer.” The nucleus 
of this special section will be | 
one article each month of not 


more than four pages nor less 


than two which will give 


practical information on how 
to do a specific job, covering 


as many of the following topics 


| as possible: 


1. An exact procedure with 
illustrations of how to do | 
the job. 


2. Detail information as to 


design. 


3. Full information on weld- 


ing procedure or fabri- 
cation details. 


4. Testing and inspection. | 
The Publication Committee | 


has set aside $50 each month | 

for payment of accepted ar- | 
| ticles of this nature. They | 
should be written preferably 
by one who has followed the | 
specific application in detail. | 
Clear photographs or charts 
will be helpful and should be 
utilized. 
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use Ampco electrodes 


PRODUCTION WELDING—Ampco’s Phos-trode 
was selected for the fabrication of these bronze waters 
s heater tanks after exhaustive tests of other rods and 
welding techniques. With Phos-trode electrodes, 
there was no deposit and fusion-zone cracking. Mini-« 
mum spatter reduced cleaning time; freedom from 
porosity and pitting. All tanks met hydrostatic pres- 
sure tests without trouble. 


REPAIR WELDING—Brazing, and welding with a 
variety of “cast-iron” electrodes were tested for re- 
pairs on parts such as the flywheel illustrated. Ampco- 
Trode 10 was found to be easier on the operator, 
more economical—and besides it produced a better 
job. Pre-heating was held down to 250° F.; low weld- 
ing currents kept base-metal dilution to a minimum; 
and the dense weld was machined without difficulty. 


MAINTENANCE WELDING—Ampco-Trode 200 
overlays on railroad roller-bearing shoes extend 
service-life many thousands of miles. For instance, 
Number 2 Binders, the most severe wear location, on 
locomotive shoes, last 80,000 miles (compared to 
40,000 miles in phosphor bronze.) Shoes in 1, 3, 
and 4 locations operate 300,000 miles between shop- 
pings. And this extra service is gained by a 5/16" 
two-layer overlay on new shoes (312 hours welding 
time) and 4" one-layer overlays on worn shoes (2 
hours welding time). 


You can make similar savings! 


Cut costs on your production, repair, and mainte- 
nance jobs with Ampco electrodes. Keep a supply of 
Ampco electrodes on hand at all times. Call your 
Ampco distributor for his recommendations today! 


AMPCO METAL, INC. 
MILWAUKEE 4, WISCONSIN 


West of the Rockies, it's the Ampco West Coast Plant, 
Burbank, Calif. 


Tear out this coupon and mail today! 


AMPCO METAL, INC., Dept. WJ-5, Milwaukee 4, Wis. 


Send me complete information on Ampco-Trode, 


] Phos-Trode, and other Ampco arc-welding electrodes. 

Compony 

Address.. 

| City... ( ) State......... 


W yj 
FREE—Money- 


Vice-Presidents or for District representa- 
tives on the National Nominating Com- 
mittee, 

VI, Section 7. Vacancies. 
The Executive Committee of each District 
shall have the power to fill a vacaney in 
the office of Vice-President of that District 
and of that District's representative on the 
National Nominating Committee for an 
unexpired term whenever such vacaney 
occurs 

ArTICLE TX. Nomination and Election 
of Officers and Representatives 

Section 1. Nominations. Nominations, 
except for Honorary Directors, Secretary, 
Assistant Secretary and Assistant Treas- 
urer, shall proceed as follows: 

(a) Nominations for District Vice- 
Presidents and for District Representa- 
tives on the National Nominating Com- 
mittee shall be made by the District 
Nominating Committees See Article Vi, 
Section 6. The National Nominating 
Committee shall select nominees for the 
other offices falling vacant. See Article 
Seetion 7 
tor each office shall be published in the 
June issue of THe Journat of 
the WeLDING Socrery 

(Balance — no change) 

NII Standing Committees 

Section 7. National Nominating Com- 
mittee \ National Nominating Com- 
mittee consisting of eight members. The 
Committee shall consist of a Chairman, who 
shall be a Past-President of the Socrery, 
and seven Distriet: Representatives who 


The names of nominees 


were elected the previous vear to the 


National Nominating Committee. An- 
nouncement of the personnel of the Com- 
mittee shall be made through publication 
in Tue Weroinc JourNat on or before 
March Ist. The Committee shall deliver 
to the National Secretary in writing on or 
before the 10th day of May of that year, 
the names of its nominees for the various 
elective offices next falling vacant with the 
Written acceptance of each nominee. 
(District Vice-Presidents and District 
Representatives on the National Nominat- 
ing Committee shall be nominated by each 
District Nominating Committee. See 
Article VI, Seetion 6.) This Committee 
shall also canvass the nomination ballots 
and certify the result to the National 
Secretary 

(If these later revisions relating to the 
National Nominating Committee are 
adopted, Article IX heading and Section | 
will replace the wording given in the for- 
ward part of this report. 


Copies of The Welding Journal 


One of our members in England is de- 
sirous of obtaining copies of the February 
1938 and May 140 issues of Tue WeLpine 
JourxaL. Any member who has a copy of 
either or both of these issues, and wishes to 
sell it, please get in touch with D. J. W 
Boag, Managing Director, Rockwell Ltd., 
Commerce Way, Croydon, Surrey, Eng- 


land 


ation, , 


Carbide 


IN THE RED DRUM 


Annual Meeting 


The Thirtieth Annual Meeting of the 
American WELDING Society will be held 
at the Cleveland Hotel, Cleveland, Ohio, 
week of October 16, 1049 


Employment 
Service Bulletin 


Services Available 


A-577.) Welding Engineer Aue 

Major experience as field Cn sale 
sales promotion. Jobbers and industrial 
accounts Prewar and PpostWar expert 
ence Presently We lding 


Specialist: with national corporation bu 


emploved as 


has good reason Lor desiring change to 
southwestern or southern California area 
Comprehensive knowledge electrodes and 
welders. Also familiar with other stand- 
ard methods of welding and procedures 
Has past familiarity with southern Calif- 
ornia territory 


EFFICIENT 


ECONOMICAL 
DEPENDABLE 


FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL 


Society Activities and Related Events 


CARBIDE CORPORATION 


New York 17, N. Y. 
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NEWS OF THE INDUSTRY. 


Clapp Joins Battelle 


Melvin C, Clapp, a graduate in welding 
engineering trom Ohio State | niversity, 
has joined the staff of Battelle Institute, 
Columbus, Ohio Mr. Clapp is a member 
of the American WELDING SocieTy 


Banner Mfg. Co. 


David V. Uihlein has the Ban- 
ner Mfg. Co., 4961 N. 20th St., Milwaukee 
9, Wis., and will act in the capacity of ex- 
ecutive director. 

Formerly known as Banner Products 
Co., the new organization plans to increase 
distribution and service on their line of 
Banner Resistance Welders and Brazers 
Their present program calls for new de- 
sign changes and improvement the 
Banner line, plus the 
products in the welding field 

J. R.G. Harris is handling the sale of 
Banner welders in the State of Wisconsin 


iddition of new 


ind other territories are rapidly being de- 
veloped Arthu Keranit 


charge of production ind the teehnient! 


staff is being augmented to better serve 


industry 


ide Expands Facilities 
at Albuquerque 


A new plant, producing Prest-O-Lite 
acetylene at Albuquerque, N. Mex., wil 
begin operations on Mar. 7, 1949, accord 
ing to an announcement made by The 
Linde Air Produets Co., a Unit of Union 
Carbide and Carbon Corp. This plant wil 
supplement the facilities of an oxygen 
filling station which, for about seven 
vears, has provided industries in this area 
with « convenient source of Linde oxyger 
A warehouse for the distribution of Unior 
Carbide is also located on the plant prem 
ises, The address of the plant is 25208 
Rail facilities 


fuilroad 


Second St., P.O. Box 805 


mre provided by the Santa he 


Senator Karl Mundt Addressed 
International Acetylene 


Association 


The Honorable Karl kk. Mundt, United 
States Senator from South Dakota, ad- 
dressed the opening luncheon of the Tnter- 
national Acetvlene Association's Conven- 
tion in Pittsburgh, on April 25th. This is 
the Sist vear of the Association's servicer 
to its members and to the public The 
luncheon was held at the riotel William 
Penn 

The presentation of the James Turner 
Morehead Medal to Herman Van Fleet of 
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Air Reduction Sales Co. was another 
feature of the luncheon. This is the 
Association's highest award and is awarded 
annually by the International Acetylene 
Association to the person or persons who, 
in the judgment of its Officers and Board of 
Directors, have done most to advance the 
industry or the art of producing or utiliz- 
ing calcium carbide or its derivatives. Mr, 
Van Fleet received the Medal in recogni- 
tion of his leade rship and direction in the 
production of acetylene and oxygen, and 
in the developme nt of equipment for their 
use. R. B President of the 
Southern Oxygen Co., Washington, D. ¢ 


made the presentation 

The first technical session of the Con- 
vention was held at the Hotel William 
Penn at 2:00 PLM. on Monday, April 25th, 
following the luncheon. These papers were 


prese nted 


l Use of Oxvacetviene for Searfing 
and Gouging George Mersot, General 
Foreman, Inland Steel Co., East Chicago 
Ind 

2 Flame-Hardening John ‘I 


Howat, President, Pittsburgh Metal proc- 


essing Co 

3 Applications of the Oy 
Flame for Heating 
Forming Dil 


American Bridge Co 


wetvlene 
Straightening, and 
Welding Engineer, 
Ambridge, Pa 

The program tor Monday was concluded 
with the annual business meeting and elee- 
tion of officers No ever In SeSSIONS Were 
planned 

Sessions on Tuesday, April 
to Mellon Institute Phe program opened 
at 10:00 ALM. in the Auditorium. Dr 
Ik. A. Holbrook, Dean of the School ot 
of Pittsburgh 


26th, moved 


kingineering, University 
veted as General Chairman for the day 
Students and faculty members from 


nearby schools universities and 


representatives from industry had an 
opportunity to hear talks on the back- 
ground and development of the oxvacety- 
lene industry, on the chemistry of acetvlene 
and on the applications of oxvacetvlene 
processes in industry Papers presented 
it the morning session were 

Jackground and Development of 
Alvah Small, 


Underwriters 


the Oxvacetvlene Industry 
Vice-Chairman, Labora- 
tories, Ine 

2 Acetvlene Chemistry, ( J 
Herrly, Sales Manager, Niacet Chemicals 
Division, United States Vanadium Corp. 

3 explosion Pressures in Industrial 
Piping Svstems,’ J. Bo Smith, Engineer 
Factory Mutual Laboratories 

The afternoon session on Tuesday, April 
26th, scheduled for 2:00 P.M. presented 
three papers on applications of oxvacety- 
lene cutting Cutting of Stainless Steel” 
was discussed in an important paper, 
and “Heavy Cutting in the Steel Mill 


Vews of the Industry 


described by L. P. Elly 
visor of Bethlehem Steel Co 
hem, Pa. F. B 


Shops of the 


Welding Super- 
Bethle- 
tvkoskey, Supervisor of 
Baltimore and Ohio Rail- 
road Co., spoke on 
Railroad Shops.’ 

All of the technical sessions and lunch- 


Shape-Cutting in 


eons of the Convention were open to engi- 
neers, executives, students, teachersand the 
general public. There was no registration 


Tee, 


Railroad Fair 


Summer can’t be far off! The national 
Railroad Fair, which ranked last vear as 
the most heavily attended attraction on 
the country’s vacation 
2,500,813, is begin- 


program with a 
record attendance of 
ning to stir on Chicago s laketront tor a 
repeat 


June 25th 


presentation scheduled to open 


Timed to take advantage of spring 
thaws, workmen will mo this week to 
transtorm the tairgrounds rom winter 
rest toa gigantic spectac lesigned to out- 
draw last ir’s 5O0-acre success 

$y opening day all plans for this vears 
dramatic new entertainment features, dis 
plavs and exhibitions will be translated 
into realitv, according to Major Lenox 
R. Lohr, president the railroad indus- 


trv’s exposition 


British Industries Fair: 1949 


Phe growing presswork- 
ing aus 4a process of engineering production 
is made ele I mal he exhibits to 
he displived mingham Section of 
the British = | Earls Court 
ind Olymp Custle Bromwich 
Birn 2-13 Presses ol 
many types here g from 
high-speed n with i feeds 
giving man is an 


hour, to machines 500 tons eapacity 


suitable for deep drawing or the be nding 
of heavy steel sections ting firms 
muke ee ibly heavier machines, and 


ties in the way 


naturally there are diff 


of showing them at the « 


Special attention should be paid to the 


high-frequency Induction heating equip- 
There is no doubt that 


ment on show 
for repetition hardening and anne 
operations, and for mass production braz- 
ing and soldering this type ofl heating 
offers enormous possibilities. It is one 
hat is being developed and exploited 
rapidly by United Kingdom engineers 
Some of the latest equipment for all 
welding processes will be demonstrated 
In view of the increasing use of welding as 
for fabricating 


4 means manner ot 


Instrument 


structures, from light weight 


parts to bridges, this equipment forms an 


import int section of the Fuir 


19] 


Electric arc-welding equipment covers 
hand-welding sets (including engine-driven 
sets for use where current from the mains 
is not available) and automatic equip- 
ment using continuous electrodes and suit- 
able for straight and circumferential seams, 

Closely allied to the gas-welding equip- 
ment to be shown will be oxygen-cutting 
machines, the largest of which are capa- 
ble of cutting through steel several feet 
thick. These machines will follow ac- 
curately a drawing or template, and they 
offer an economical method of catting all 
manner of shapes from steel plate, whether 
in small or large quantities, 

Resistance welding gains popularit Vusa 
repetition method of joining metal parts. 
The general-purpose machines used for 
spot, projection, butt and seam welding 
are capable of accommodating a wide 
variety of jobs, while special-purpose 
machines prove themselves economical 
where the number of parts to be welded 
justifies installation of the machines 

Jigs, manipulators, holding down mug- 
nets and other accessories for aiding the 
welder will be shown alse 

Welding is much used for building up 
worn surfaces of machine parts, and is 
especially useful for the hard surfacing of 
metal parts subject to much abrasion, 
such as digger teeth, and the lips of grabs 

Other methods of depositing metals 
will be demonstrated, deposition being 
performed with the object of building up 
worn parts or of imparting good wearing 
or good corrosion-resisting properties to 
metal surfaces 

Metal spraying is one process employed 


Metal to be deposited is fed through a gun 
by which it is heated to melting point and 
atomized, the resultant metal particles 
being blown on to the surface to be cov- 
ered. The technique can be adapted to 
deposit metals on metals, or metals on non- 
metallic objects. One interesting applica- 
tion of the technique is that of aluminizing 
for resistance to high temperature. 


Scholarship Won by Proposed 
Plans for Welded Railroad 
Station 


The plans for a proposed suburban rail- 


compere CARBON BRUSH DATA 


SPECIFICATIONS FOR ALL MAKES AND TYPES 


OF WELDING EQUIPMENT 


yours for the asking 


Twenty-eight pages of 
easily found information, 
complete with factory 
model numbers, replace- 
ment brush numbers, 
scaled illustrations of 
brushes listed, and all 
other necessary data. 
Here is a regular “Ency- 
clopedia™ of Brush infor- 
mation covering all types 
and makes of welding 


equipment. 


SEND FOR YOUR 
FREE COPY NOW! 


BECKER BROTHERS CARBON CO. 
CICERO SO, ILL. 


3450 SOUTH 52nd. AVE. 
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News of the Industry 


Weldaloy manufactures a complete line of Elect- 
rodes — seam welder wheels — castings — 
forgings — dies —bar stock—holders, etc. . . 
that give better welds . . . better conductivity and 
greater service life. 

For the FINEST in resistance welding needs, con- 
sult WELDALOY. 


Send your requirements .. . 
and price list available on request. 


WELDALOY 


20869 MOUND RD. * BOX 145 © DETROIT, MICH. 


road station which called for the use of a 
welded structure won for James Edgar 
Steed, Washington Court House, Ohio, 
one of four $250 scholarships established 
at the University of Cincinnati by The 
James F. Lincoln Are Welding Foundation. 
Steed, a third-year cooperative student in 
the Department of Architecture of the 
University’s College of Applied Arts, won a 
competition for the scholarship that was 
open to the pre-junior members of the 
department. 

The four Foundation — scholarships, 
known as “The Alan R. Cripe-Lincoln 
Are Welding Foundation Scholarships,”’ 
were established at the University when 


DO THE JOB 


BETTER... 
EASIER. 


with 


WELDALOY 


RESISTANCE WELDING 
PRODUCTS 


catalog 
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Cripe, now a junior in the College of 
Applied Arts, won first award in the 1948 
eompetition the Foundation’s Annual 


Engineering Undergraduate Award and 
Scholarship Program. Dean Pickering of 
the University has announced that one 
scholarship will he awarded cach year to 
an outstanding member of the pre-junior 
class in the Depart me nt ol Architecture 

A native of Washington Court House, 
Steed served with the armed forces during 
World War II He is on the Dean's list of 
students ranking among the top 10°, 
Applied 


In connection with his co- 


scholastically in their College of 
Arts « lasse s 
operative course architecture 
emploved by George I MeDonald, «a 
registered architeet of Cincinnati 


Steed is 


Under the Cincinnati plan of coopera- 
tive technological education, founded at 
the University in 1906, architectural stu- 
dents spend alternating periods of study 
on the Campus and of prac tical training on 
the job 


23 Railroad Passenger Cars 
Shipped by Budd to 
South America 


\ unique loading operation was com- 
pleted at Port Richmond when the last of 
23 Budd-built, 
passenger cars was lowered into place 
With six 72-ft. cars lashed below her 
hatches and seventeen S5-ft. cars athwart 
freighter, S.S 


all-stainless steel railway 


her deck, the Norwegian 
Be Jeanne, prepare d to sail nonstop to Rio 
de Janeiro where the cars will be put into 
immediate service on the Central Railway 
of Brazil 


One unusual stevedoring feat was the 
The new cars will be operated between 


tracks to the pier, At the pier, SOO ft. of 
Janeiro, Sao Paulo and Belo 


special track, 63 in. wide, had been laid to tio de 
accommodate the width of trueks used in Horizonte, the leading cities of Brazil, and 
Brazil industrial 


lowering of six cars into the holds as there 
was less than I-ft. clearance between the 


ends of the car and the hatch opening 
will serve the most important 


sections of the country. The overnight 


The first two ears were lowered onto Each ear was lifted from its stand- 


greased skids on the hold’s floor and then ard trucks and lowered onto the wider 


pushed to each side to make room for two 
more in the center 


trucks before ear and truck were loaded on 
the ship 


run between Rio de Janeiro and Séo Paulo 
is one of the most heavily traveled routes 


in Brazil. Some of the cars will replace 


The ears on deek overhang approni- The cars, including bedroom sleepers, 
equipment now in use on the Cruzeiro do 


mately & ft. on each sice Each ear is diners, baggage, mail, lounge- 

covered with a tarpaulin and securely observation and a business car are similar Sul. 

fastened in place with special fittings. to those The Budd Co. has built for the Some coaches have a capacity of 76 
Another interesting activity which pre- erack streamliners of the leading United passengers: others carry 56 passengers 

ceded the loading was the changing of car States railroads. They are equipped with and have deluxe lounges for both men and 

trucks. Built at The Budd Co.'s Red the latest air-conditioning and fluorescent women. The sleeping cars each contain 

Lion plant in Northeast Philadelphia, the 12 double bedrooms, giving each a capac- 


coaches, 


lighting equipment and have modern 


ears were run over standard gage, 56! o-in interior decorations ity of 24 passengers 


Time Counts - 


Gas cut and Weld with a Buy “PROVEN FLUXES” 
Bows! 


| | Years of GUARANTEED SATISFACTION 
| Se | behind these GOOD 
“ANTI-BORAX”’ FLUXES 


Insist on them — Unequalled Quality 


No.1 Cast iron Welding Flux 
No. 2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux Bronze Welding Cast leon 
No.5 &8 Cast & Sheet Aluminum Fluxes 
No. 9 Stainless Steel Welding Flex 
No. 11 Tinning Compound 
No. 16 Silver Solder Paste Flux 


Mfg. Ey 
ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. 


SHAWINIGAN PRODUCTS 


ORPORATION 
EMPIRE STATE BUILOING, NEW YORK 1..Y 
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A. O. Smith Receives Award Arch St., Philadelphia 6, Pa., has an- In the afternoon there will be discussion 
‘ , ; F nounced its plans for the Spring Meeting periods as follows: 

\ Certificate of Merit from President to be held at the Hotel Gibson, Cincinnati “Our Experience with a Perpetual In- 
Truman was presented recently to William 1, Ohio, on Wednesday, Thursday and ventory System,” R. P. Tarbell, 
C. Heath, president of the A. O. Smith Friday, May 11, 12 and 13. Hotel reser- President, Seott-Tarbell, Ine., Cleve- 
Corp. The presentation was made in vations may be made by writing to the land, Ohio 
Milwaukee by Maj. Gen Paul L. Williams, Hotel Gibson, Cincinnati 1, Ohio, attention “Advertising Budgets and the Most 
commanding officer of the LOth Air Force Miss Ann Kroger. The Program starts Effective Types of Advertising Media 
The certificate was awarded for work that off on the evening of Tuesday, May 10th, That Can Be Utilized by the Average 
was done by A. O. Smith during the war in with a dinner meeting of the Executive Welding Supply Distributor,” W. A 
the development and production of welded Committee and the Board of Directors Rice, Sales Manager, Virginia Welding 
hollow steel propeller blades. In addition Wednesday morning includes an address Cx. Chatincion. W Va 
to the blades, A. O. Smith was a large pro- by the Mayor of the city of Cincinnati, “Our Methods of Compensating Sales- 

introduction of members and guests, and men,” J. W. Albiston, Maine Oxy- 
the annual address of the President, Mr. Acetylene Supply Co., Auburn, Me 
Ralph E. Chase of the Chase Welding “What Method or Methods Can Be 
Supply Co., Inc. The feature of this oc- Used to Determine Whether Salesman 
easion will be an address by Mr. James Are Paving Their Way,’ Allen H 
Lineoln of The Lineoln Electric Co., on Young, Independent Distributing Co., 
“Welding and Its Future.” St. Joseph, Mo. 
In the afternoon there will be a plant “Are the Gross Margins We Are Receiv- 
visitation to the Armeo Steel Corp., ing Adequate to Cover Our Operating 
Middletown, Ohio. Buses will be provided. Costs,” W. J. Bentley, Bentley Sales 
The Thursday morning session includes Co., Milwaukee, Wis. 
Amendment to the Constitution and By- “The Basis on Which We Sell the Small 
Laws and a report on the activities of the Store Which Resells Replacement 
Association by Mr. Thomas A. Fernley, Parts,’ Howard Proctor, Aeme Weld- 
Jr., Advisory Secretary. There will also ing Supply Co., Houston, Tex 
be a report by the Membership Committee An informal dinner will be held in the 
ducer of bombs, torpedo air flasks and by Mr. W. R. Boyd, Chairman of this Ballroom with an address by Mr. F. W. 
landing gear for bombers. The company Committee. This session also includes an Fiesel, Business Manager of The Cincinnati 
made all of the B-29 landing gear. address on “Increasing Wholesale Sales- Post on “Standards of Excellence.’ The 
men’s Effectiveness,’ by James H. Davis, Friday morning session includes three 

National Welding Supply Professor, College of Commerce and Ad- addresses as follows: 

z ministration, Ohio State University. This “Fundamentals of Selling,’ Roy Poe, 
will be followed by a luncheon in the Ball- Tweeo Products Co., Wichita, Kan 
This Association with offices at 505 room (Continued on page 509) 
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ar A Good Thing 
To Remember 
About Metal-Cleaning: 


AIR, ‘OL pS WATER COOLED. Sizes 1 4to 300 KVA. No matter what your cleaning problems —from removing thin 
EISLER ENGINEERING CO., INC. oil films to heavy burned-on residues—there is an Oakite clean 

CHARLES EISLER, PRES. 
779 South 13th St. Near Avon Ave NEWARK 3, N. J., U.S.A. 


TRANSFORMERS 


on, Power 


ing material designed for just that job. 


The many metals and alloys, the many fabricating and finish 


a SPECIALIZING IN “BETTER-BUILT”’ ms ing processes and the countless varieties of dirts, make metal 

cleaning a complicated business but the Oakite Chemical 

* E L D [ N G & S A F E T y Research Laboratory and Technical Service Department have 
had 40 years of success in solving new problems 

E 0 U I P M E N T Free Oakite Service Let an Oakite Technical Service Rep 

FOR OVER 25 YEARS resentative help solve your problems Write to Oukite 


Products, Ine., ISE Thames St., New York 6, 


There is a DOCKSON distributor near you. Name on request. 


OAKITE 


INDUSTRIAL CLEANING “MATERIALS « METHODS - SERVICE 
CORPORATION Techmcal Service Representatives Located in 


3839 WABASH « DETROIT 8, MICH Principal Cites of United States and Canada 
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“WELD 
SECURELY" 


Do YOU Specify your welding 
requirements this way? 


Do you know what the welding 
requirements are for bridges, build- 
ings, piping, storage tanks, pressure 
vessels or whatever your type of 
fabrication ? 


This information, necessary for 
solving your practical, every-day 
welding problems, will be found in 
the standards issued by the Ameri- 
can Welding Society. 


Are You 


~a Welding Engineer? p N (J | WEIGER-WE 
a Welding Operator? Q WALITY in \ J 


or engaged in any other capac- 


ity as a Purchasing Agent, GS EAM WELDING WHEELS 


Salesman or Administrative 


Executive? Weiger-Weed alloys are forged and machined into wheels egy g ww 
of pros ed quality for the exact requirements of each par- engineer for help 
Then you should know what the ticular job—each weldable material—each operation. In on your especie 
J problems, without 


material, filler metal, design, work- strong clean welds, durability in high production runs, obligation. Or 
manship, inspection and qualifica- 
tion requirements are for different 
products and_ structures. You 


minimum down time Weiger-Weed wheels have a record send us diameter, 
of uniform dependability. For speedy delivery severa cinasasadimaeal 


“1: . size blanks are Carried in stock. These ca be supplied material to be 
should be familiar with the stand- izes of blar e carried in stock. These can be supplic aauiele Maan 


ard welding nomenclature and : mendations will be 
welding symbols used in everyday cases you will save time and money by letting Weiger- promptly 
welding conversation and corre- Weed finish to your specifications. furnished. 
spondence, in technical articles and 


in contract specifications and regu- ; WW Standard 


finished or sent rough for your own machining. In most 


i i 
If you are not already familiar wi aes y Replaceable Welding Tips 


Dependability of WW Tips for more and better welds at 
top production, with less dressing, is well known to the 
industry. Most sizes and shapes are in stock for prompt 
delivery. Also WW Holders of outstanding success in 
LEAK-PROOF, trouble-free service. 

For electrodes and dies for resistance welding—spot, 
seam, flash, butt, projection, Weiger-Weed products are 
unsurpassed. Investigate and you'll see why. Weiger- 
Weed & Company, Division of Fansteel Metallurgical 
Corporation, 11644 Cloverdale Ave., Detroit 4, Michigan. 


with the codes, standards and speci- 
fications of the American Welding 

4 Society as well as the educational 
books, ask the Technical Repre- 
sentative (Liaison Officer) of your 
Local Section for a free copy of 
Bulletin 101 describing these pub- 
lications. Also ask about the spe- 
cial discounts to members. If you 
prefer, write directly to AWS Head- 
quarters. 


er 
resistance welding. 
Send for your copy. 


It is easy to keep informed 11503-8 
through American Welding Society 
technical publications. 


WEIGER-WEED 


They will help you. 
Use them! 
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NEW LITERATURE 


Studwelding Equipment 


Parts and accessories, for use with the 
Nelson studwelding gun, are identified and 
priced in a new 8-page bulletin. Items 
include special leg attachments, adaptors, 
spark arrestors and a number of complete 
accessory kits for special purpose applica- 
tions. Write Nelson Stud Welding Divi- 
sion of Morton Gregory Corp., Lorain, 
Ohio 


Hard Facing by Welding 


Hard Facing by Welding, by M. Riddi- 
hough, M. Met., A.R.LC., F.IM., was 
published on Feb. 8, 1949, at Ss. 6d. (post- 
age 4d) by The Louis Cassier Co. Ltd., 
size DSvo (8° 4 x 5!» in.). 127 pages, 
illustrated with over SI photographs and 


diagrams. Cloth bound with jacket 


Every engineer knows that machines 
wear out; and a constant pre-occupation 
in every industry is the repair and replace- 
ment of worn parts, In thir connection 
one of the most important uses of welding 
is the reclamation of worn components, 
specialized hard-tacing rods and tech- 
niques having been evolved for this pur- 


pose 


This book (the first devoted solely to 
the subject) enables the welding and main- 
tenance engineer to tackle efficiently the 
job of hard facing every typeof metal. It 
is Intended as a practical manual covering 
every stage of the process design of com- 
ponent, choice of hard-facing alloy and 
technique of depositing, inspection and 
finishing methods 


The author is a recognized authority on 
the subject and has included sutheirent 
technical information to enable the pro- 
duction engineer or the operator — to 
appreciate and control the procedures 


The book is illustrated by SI photo- 
graphs and diagrams; there are 24 tables 
for reference and the appendix contalls 
details of both English and American 
hard-facing materials 


Contents include:  Hard-facing Rods 
and Their Development, Designing the 
Deposit, Designing for Specific Jobs, 
Characteristics of the Metals Commonly 
Used for Blanks, Preheating and Cooling, 
Heat Treatment for Hard-facing Various 
Types of Metals, Equipment and Jigs for 
Hard-facing, Hard-facing Techniques, In- 
specting, Machining and Grinding the 
Deposit, Estimating and Planning. In 
the Appendix: Conversion Tables, Oxida- 
tion and Corrosion Resistance of Some 
Common Metals, Steel Specifications, 
Proprietary Hardfacing Rods: British, 
Proprietary Hardfacing Rods: American, 
Index 
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Isotopes and Their Application 
in the Field of Industrial 
Materials 


The 1948 AS.T.M. Edgar Marburg 
Lecture “Isotopes and Their Application 
in the Field of Industrial Materials’ by 
Dr. Paul C. Aebersold, Chief of the Tso- 
topes Division, Atomie Energy Commis- 
sion, has been published in the form of a 
28-page booklet 


Dr. Aebersold, after some general com- 
ments pointing to the significance and 
interrelation of atomic energy and indus- 
trial materials, where he states among 
other things that science and industry are 
mutually dependent lor progress and Sup 
port and are stimulating to each other, 
discusses general research dividends, useful 
atomic power, induction of chemical and 
physical effects, and finally in some detail 
the applications of radioactive and stable 
Isotopes. He points out that radioise- 
topes of most of the elements can now be 
made in the atomic pile and that produc- 
tion at Oak Ridge is sufficient to meet our 
domestic needs with some over 


The usefulness of radio LSOTOpes, 
tially, comes from two facts—first, they 
exhibit the same chemical behavior as the 
stable species of the elements, and sec- 
ondly, they emit radiations which will 
determine their identity and location 
The author covers isotope properties, pro- 
duction and measurement, with pertinent 
references to facilities and safety precau- 
tions. There is, also, a section devoted to 
the basis for isotope applications. Quite a 
portion of the lecture covers the use of 
these materials as tools for analysis with 
numerous specific applications. There is 
discussion ol stable Isotopes, and the lee- 
ture closes with general conclusions. 


Copies of this 28-page booklet, in heavy 
paper cover, can be procured from 
A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa., at $1.00 each. 


Ampco News 


High pressures and extremely heavy 
loads are overcome by using overlays of 
Ampco-Trode The complete story of this 
tough problem encountered by Northwest 
Lumber Mills and how Ampeo-Trode sue- 
ceeded in solving it is told in the first 
quarter issue of the Ampeo Welding News 
Also, learn how a Portland, Ore., fabricator 
successfully welded water-heater tanks of 
silicon bronze with Phos-Trode; how cast- 
iron valves functioning under corrosive 
and severe load service were successfully 
overlayed with Ampeo-Trode; why a Bel- 
gium street railway uses Ampco-Trode 
“a.c.”’-rod to repair their tracks. 


New Literature 


Other articles tell of the use of Beryl- 
Trode in rebuilding resistance welding 
jaws and how Ampco-Trode played a 
prominent part in the manufacture of syn- 
thetic aleohol from corn cobs 

Copies of this interesting and informa- 
available upon request 


WN-I, 


tive issue are 
Write Ampeo Metal, Ine., Dept 
Milwaukee 4, Wis 


Electrode Booklet 


The Champion Rivet Co., Cleveland 5, 
Ohio, has issued a booklet “How to 
Choose and Use the Correct Electrode 
Booklet will be forwarded without charge 
to all who apply for it 


Hose Connection 


A new illustrated condensed catalog just 
published by Hose 
Philadelphia, describes the complete line 
of LE-ELUL hose couplings, hose clamps, air 
valves and manifolds 

Copies of the new Lh-Hl 
eatalog can be obtained from leading dis- 


Accessories Co., 


condensed 


tributers and rubber manufacturers every- 
where or by writing direct to Hose Acces- 
sories Co., 17th and Lehigh, Philadelphia 
32, Pa Ask for Catalog No. 149 


Worn Crankshafts Reclaimed 
with Metallizing 


Metallizing saves money by reclaiming 
crankshafts The March issue of the 
Vetco News is full of faets, telling how 
many metallizing users save money and 
time by rebuilding worn mains and throws 
on crankshafts 

To the owners of automotive and indus- 
trial engines, gas or Diesel, air and am- 
COMLPPessors, stumping, punch press 
and textile cranks and shafts, metallizing 
offers a number of advantages over the 
old method of grinding worn mains and 
throws and refitting with undersize bear- 
ings. Metallizing also offers improved 
performance and longer service life due to 
two important characteristics of sprayed 
metal: (1) Superior lubrication, due to 
the oil-holding pores in the surface 2 
Greater particle hardness in the metal- 
lized coating than in original metal of the 
same composition, 

One metallizing user who has metallized 
bus engine crankshafts for over ten years 
reports that many shafts have had all 
eight throws metallized and have oper ted 
well over 100,000 miles. Rebuilding one 
of these crankshaft throws to original size, 
1.987 in. requires 2'/, hr. labor and a total 
cost of $3.14. Another shop reports 
metallizing over 7000 crankshafts in three 
years. A plant, operating 128 nail form- 
ing-machines each with a crankshaft 
that takes continuous punishment, re- 
ported savings over a year’s time of 320 
man-hours and $2460 in cash 

Other applications are also suggested 
such as armature shafts, bearing fits, 
journals, piston rods, rolls and spindles 
Avoid costly shutdowns. Write for your 
copy ol Vetco News, Vol 1, No.7 Metal- 
lizing Engineering Co., Ine., 38-14 30th 
St., Long Island City 1, N.Y. 
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Thought Starters 


To present interesting case histories and 
ideas on how to use are welding most effec- 
tively in cutting factory operating costs 
and production costs, The Lincoln Electric 
Co., Cleveland 1, Ohio, is publishing an &- 
page rotogravure news sheet. /t's Weld- 
ing Time is issued regularly and is sent 
free to tactory personnel interested in 
cutting the costs for which they are re- 
sponsible 

[t's Welding Time is edited and pre- 
pared not to present detailed explana- 
tions of how to do specifie jobs, but is 
intended rather to be a thought starter for 
the cost conscious plant superintendent, 
plant engineer, master mechanic, methods 
engineer and maintenance engineer The 
issue now being distributed contains over 
50 photographs and drawings showing how 
plants in all parts of the country are using 

Illustrated are: 
how machinery is kept operat- 
ing efficiently; 
products are made at less cost through 
welded design; building ideas—how weld- 


are welding. mainte- 
nance ideas 


design ideas —how better 


ing permits easy erection and maintenance 
ol plant capacity; equipment ideas — how 
special plant equipment is made for special 
production jobs 

It's Welding Time is sent free of charge 
to those writing to The 
Lincoln Electrie Co., Cleveland 1, Ohio, on 
company letterhead 


interested by 


The E 


momies of Hardfacing 


The availability of a helpful, new re- 
print 
been announced by Air Reduction Sales 
Co Written by J. J. Barry and Albert 
Muller, this reprint originally appeared in 
form in THe JourNat 
The S-page reprint, profusely illustrated 
with 14 photographs, reviews the advan- 


The Keonomies of Hardfacing”’ has 


article 


tages of hardfacing and offers an analysis of 
the problems leading to the correct selec- 
tion of the proper hardfacing rods Design 
and cost figures are offered, plus a selected 
bibliography 
Copies may be obtained without charge 
by writing the Airco office nearest vou, or 
Air Reduction Sales Co., 60 FE. 42nd St., 
New York 17, N.Y 


Design for Welding 


Design for Welding in Mechanical Engi- 
Koenigsberger, published 
by Longmans, Green and Co., Ine., 55 
Fifth Ave., New York 3, N.Y 
Price $4.50 


coordinate theory and 


neering, by F. 


, 210 pages. 
This book is an attempt to 
research results 
with the experiences gained in the actual 
design and manufacture of welded strue- 
tures as used in mechanical engineering. 

An attempt has been made to stress the 
theoretical and practical factors which 
might assist the designer of welded steel 
construction 

Great weight is given to the use of a 
correct drawing practice connection 
with designs forfabricated welded construc- 
tion. The author is of the opinion that the 
drawing-office work is the true basis for 
any production process in general, and for 
the operations in the welding shop in 
particular 

A list of Chapters are: (1) “The Ma- 
terials Used for Fabricated Welded Steel 
Structures,” (2) “The Welded Joints,” 
(3) “General Design Principles for Welded 
Construction,” (4) “Detail 
Typical Part-Assemblies Used in Fabri- 
cated Welded Construction,”’ (5 “Typic al 
Welded Structures’ and (6) “Drawing 
Practice to Ensure Efficient Fabrieation 
by Welding.” 


Design of 


Nonferrous Metals 


rhe Lineoln Eleetrie Co., Cleveland 1, 
four-page technical 
leaflet) giving information on eleetrodes 
welding aluminum, 


Ohio, has issued a 


ind procedures for 


bronze, brass and copper 


Studs 


Twenty-four picture paragraphs cover- 
ing as many popular uses of the Nelson 
studwelding gun are included in a new 8- 
page catalog of manufacturing and con- 
struction applications 

Typical production units and a wide 
range of special studs are shown along 
with a coneise description of the Nelson 
fastening to metal. Nelson 

Division, Morton Gregory 
Lorain, Ohio 


method of 
Studwelding 
( orp., 


Measuring Thickness of Metals 
The Sperry Reflectogage, a“ portable, 
ultrasonic instrument for measuring thick- 
ness of materials from one side only, 1s 
described in a new publication, Bulletin 
OW), Products, 


announced by Sperry 


Ine., Danbury, Conn 


The new bulletin describes the theory 
and general application of the instrument 
to nondestructive measurements of plate 


and sheet stock, tanks, boilers pipe, @Xx- 
truded shapes, hollow propellers and other 
formed parts and assemblies of various 
metals and plastics up to 4 in. in thickness 
Interpretation of the visual ultrasonic 
indications is also described and illus- 
trated, 


Other uses of the Reflectogage described 
in the bulletin are tests for lack of bond, 
fects in sheet 


lamination and internal ce 


stock 


Fundamentals of Soft Soldering 


Fundamentals of Soft Soldering, 

Charles Yerkow, combines the best fea- 
tures of school and trade practice in the 
teaching of soldering. Experience in a 
commercial shop as well as in training 
beginne rs caused the author to analyze 


the basic “factors’’ of a good soldered 


joint 
These he has set down as the tour tac- 
must observe No 


xample ol 


tors every student 
attempt is made to show 

every type of joint, but the simple ex- 
amples here explained and illustrated may 
be applied to all general soldering prob- 


lems 


The photographs take up procedures 
step by step. They are large, clear and 


definite 

This is a book every school shop lustruc- 
tor or home craftsman will appreciate, be- 
cause it eliminates the difficulties most 
beginners have with making a good sol- 
ce red jot 


Published by The Manual Arts Press, 


Peoria 3, Ill. Price $2.25 


HAVING A METAL JOINING 
PROBLEM? 


Over 100 ALLOYs 

0 solve 
sora 

WELDING. 


EUTECTIC 


WELORODS 


WELDING CONNECTORS 
Saze System Welded Connection Units 
for welded assembly 


BRAZING 
SOLDERING 

“Eutectic Low Temperature Weldrods ‘can solve Hard Surfacin 

h it for you the modern way by joining metals at Fly g 


low heat — avoiding distortion, stress, warp- xing 
ing, overheating hroblems 


Sare Units place in position and securely hold together structural 
parts to be welded 
As used in many welded structures they eliminate ail hole pun 
ing producing an economical, rigid, safe and quickly erected struc 
tural frame 
“Write for 58 pg. Manual containing full engineering design 
information for welded structures.” 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 


Write to sole manufacturer — 
EUTECTIC WELDING ALLOYS CORP. DEPT.—C 
40 Worth Street New York 13, N. ¥. 
Chicago, Cincinnati, Cleveland, Dallas, Detrovt, 
Les Angeles, San Francisco, etc 


Welding 


160 Field Engineers 
Everywhere 
to Help You 
Specialists 


merica’s Alloy 


May 1949 New Literature 


PRODUCTS 


Stainless Electrode 


The Champion Rivet Co., Welding 
Division, announces their new 316-CF 
Stainless Steel Electrode. This electrode 
has been developed to weld Ty pe 316-E LO ; 
Stainless Steel whieh is now produced in 
sheets, bars and plates. The unusual fea- 
ture of this analysis is that the carbon con- 
tent is the lowest that has ever been produced 
in Stainless Steel 0.03% max. With 
this small amount of carbon in the parent 
metal and electrodes, it is possible to prac- 
ticallyeliminate intergranular corrosion in 
the zone adjacent to the weld and in the 
weld deposit because carbide precipitation 
is prevented 
carbon, 


nickel, 


Properties of weld metal are: 
0.03% max.; chrome, 18.00% 
13.00% and molybdenum, 2.25% 

Physical properties as-welded: tensile 
strength, 85,000 to 95,000 psi.: elongation 
in 2 in., 40 to 50% 


Midget Single-Stage Regulators 


Seven, new, small single-stage regulators, 
to be known as the Midget 7400 series, 
have been announced by Vietor Equip- 
ment Co., welding apparatus manufac- 
turer, S44 Folsom St., San Franciseo 7, 
Calif 

These new regulators are designed espe- 
cially for users of small acetvlene evlinders 
where hourly gas consumption and space is 
limited They weigh only 1 Ib., 12 oz 
each, and are simply constructed Tor easy 
maintenance. Any part may be replaced 
and the entire regulator reassembled in 15 
min. or less 

The series includes: 

7401) Acetylene regulator for 
with occasional welding and brazing. Big 
enough for all cutting jobs; handles weld- 
ing nozzles up to size 8. 

7403 Liquefied-petroleum gas regulator 
for medium capacity brazing and cutting 
with propane or butane. 

7404 Oxvgen line regulator for sit- 
down production line work with inlet pres- 
sures of approximately 200 psi 


shops 


Leak Detecto Brush 


new 
detecting leaks in gas lines 


tool has been developed for 
The tool in- 
volves a special brush with a liquid solu- 
tion especially developed for this purpose 
Price $3.00, postage prepaid; Gas Appli- 
ance Stores, Inc., 706 Harden St., Colum- 


bia, S.C. 


498 


Sequence Weld Timer, 
NEMA 3B and 5B 


This latest model relay firing timer 
employs standard octal base thyratron 
tubes and is designed for interchangeable 
front or side mount of timer dials when 
employed in a standard control combina- 
tion. 


Timer panels incorporate the usual 
Weltronic “Plug-in, Swing-out”™ construc- 
tion. Opening of front panel provides 
easy access to resistors, capacitors and 
wiring. Independently adjustable time 
periods. Industrial heavy-duty relays. 
Precharged timing capacitors insure ac- 
curate timing. Universal power supply. 
Also available for 25-evele operation 
Cabinet size: 18 in. wide, 16°), in. high, 
and 12 in. deep 


When the timer is employed in a stand- 
ard NEMA combination, the panel hold- 
ing the timer dials and toggle switches may 
be mounted on the front (for wall mount- 
ing) or on the side (for side of welder 
mounting) by a simple quick change in 
mounting screws 

Obtain complete details in Bulletin No 
16, Weltronic Co., 19518 West Eight Mil- 
Road, Detroit 19, Mich 


Air Torch 


Weldit, Inc., announces the introduction 
of a new series of torches designed to use 
atmospheric air and either propane or 
acetylene, available evervwhere in small, 
economical tanks 

These torches will find use among 
plumbers, electricians, painters, tinners 
and roofers, and in automobile, farm and 
home repair shops. They are suited for 
use on radiator and battery repair, body 
work, for silver brazing, refrigerator or 
condenser repair or similar work where 
compressed air and gas is not available. 


New Products 


They are ideal for paint removal from 
wood or metals or for fine soldering and 
heating jobs 

Torch C-48 (shown) has full Weldi- 
matic trigger control, adjustable pilot light 
and needle valve adjustment 


For information on the variety of burner 
tips available and prices, write Weldit, 
Inc., 990 Oakman Blvd., Detroit 6, Mich 


Regulator 


This new cutting and welding regulator 
is constructed of aluminum with stainless 
steel wearing parts, with an exclusive prac- 
tical guard protecting the fragile pressure 
gages. Designed with a minimum number 
of parts, only one socket wrench is neces- 
sary to service the regulator. Unique de- 
sign of working parts enables replacement 
of nozzle, seat, pin and filter as a unit in 
the record-breaking time of two minutes 
The regulator is constructed to withstand 
shock, such as being dropped, without 
damage to the pressure gages, and meets 4 
universal need in the welding field for pro- 
tected regulators and results in low main- 
Oxo Welding Equipment 
Co., 1235 W. 95th Street, Chicago 43, 
Ilinets 


tenance Costs, 


New Type “Cold” Solder 


New type body solders made from pow- 
dered aluminum appear destined to re- 
place the older type solders which had to 
be melted and “flowed in” 
other damaged areas of automobile bodies 
The new solders require ho heat, and thus 
painted sur- 


to dents and 


avoid damaging adjacent 
faces, Several successive applications ean 
be employed to build up thicknesses as 
much as in. 

Reynolds Metals Co. has actively aided 
the development of these materials and is 
now supplying large quantities of alumi- 


num powder to concerns making the new 


type solders which are now available to 
the public and specialty trades through 
paint jobbers, large paint stores, automo- 
tive finishing supply houses and similar 
outlets. 
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These “cold” solders are doughlike 
about the consistency of plastic wood 
When applied by spatula or wiper, the sol- 
vent evaporates and the metal mass soon 
hardens sufficiently to be filed or sanded 
It adheres strongly to a properly cleaned 
suriace When sanded smooth, it  pro- 
vides an excellent base for paint, enamel 
or lacquer coatings 


Helmet 


This new welding helmet with its mov- 
able “Blinker” lens supplies a very definite 
answer to today’s both hands needed” 
modern welding methods, such is heli- 
are, and for fit-up of work, tacking and 
all-round precision welding 


j 
Its movable lens principle permits the 
welder to lower and raise the filter lens 
without raising his helmet) by a simple 
downward or upward movement of his 
chin against a pivoted chin strap This 
leaves both hands free at all times, whether 
In some cases it may make 
When the welder 
does not have to nod his head to get his 
helmet in place, the work does not shift out 
of position just prior to striking the are 
With this “Blinker” 
may work safely in confined spaces i.e., 
tanks, sections of ship's hulls, locomotive 
It also 
permits slag chipping with no possibility 
of hot slag burning the face, or injuring the 
eves The helmet also gives ample pro- 
tection trom side flashes when welding 
with a group 
Constructed of best grade vuleanized 
fiber, this helmet has been thoroughly 
tested under humid, dry and other at- 
mospheric conditions 


welding or not 
helper 


helmet, welders 


front ends, fire boxes, boilers, ete 


Its protective lens 
meets Federal Specifications in all shades 
desired Clear cover glass inside and out 
gives full protection. Head gear and chin 
rest are fully adjustable for ease and com- 


fort. Priced at $11.95 each 


Completely illustrated descriptive liter- 
Write: Welders’ Prod- 
Jackson Blvd., 


ature available 
ucts, Dept. 159, 141 W 
Chicago 4, Tl. 


A.-C, Are Welders 


A new line of a.-e. are welders, featuring 


increased welding range and stepless pre- 


emion current control, has been ed 
by General Eleetrie’s Welding Divisions 
The new welders are available in 200-, 
300-, 400- and 500-amp. models for indoor 
1000-amp 


models for machine and submerged melt 


manual welding 750- and 
welding, and a special 200-amp. model for 
light-duty, job-shop welding. The 300-, 
100- and 500-amp. models ar 


enclosures with Idle- 


offered ilso 
in weather-resistant 
matie control for both indoor and outdoor 
operation 
Dual 
idjustment overtravel on the new ma- 


current ranges and increased 
chines provide extra low-current range with 
They 


re designed with stepless current control, 


high maximum short-time output. 


operated by a bearing-mounted current- 
idjustment crank which enables the opera- 
tor to make precision settings throughout 
the current range. 

The new welders have an open-circuit 
providing good welding 
performance through added are stability. 
Idlematic controls on the weather-resist- 


voltage of 75 v 


ant models automatically reduce the open- 
voltage on the electrode to about 
30 v., but when the are is struck the ad- 
vantage of 75-v. open-circuit voltage is 
retained, 


Increased strength and protection ior 
the welders are provided by the newly 
Built-in power 
factor correction helps t« keep down power 
operating 


designed steel housings 
consumption, thus lowering 
cost Cool operation is attained through 
the use of up-draft, fan-assisted ventila- 
tion, 


Quick-Action Work-Holding 
Units 


Jack- 


announces a redesigned line ot 


Mechanics Engineering Co., Inc 
son, Mic h 
work-holding units o i positive quick-act- 


Sar-Lok 


for use in jigs and fixtures, and tor posi- 


ing type, under the brand name ot 


tioning machining, welding, brazing, 
plastics and woodworking and a wide 
range Ol assembly jobs With these units, 
the time requires and releas- 
ing the work is reduced to a minimum by 


eliminating the usual serew action 


This is accomplished through the use of a 
radially grooved 
which slides freely 
collar when turned toward the left (counter- 


square pressure bar 


through a threaded 
clockwise) against a stop. In this posi- 
tion, the foot of the bar is placed against 
the work instantly, from a full-open posi- 
thon The bar is then turned toward the 
right 
engagement with the threaded collar, thus 
applying screw pressure against the work 

To release the work, the bar is turned 
toward the left, 


(clockwise Which brings it into 


releasing the screw pres- 


sure and re-entering the free-sliding posi- 


tion, in which it is instantly drawn away 
from the work. With products of intri- 
cate shape or having deep Cavities, the 
time saved in applying and releasing the 
pressure is considerable 

The Bar-Lok units are available in three 
series tO meet variations in pressure re- 
quirements and to provide a range of 
lengths up to 12 in 
tee or swivel handles, and of square, round 
or flexible feet All parts are made of 
hardened steel, cadmium-plated, for long 
life in high-production service and resist- 


There is a choice of 


ance to corrosion 


Butt 
Flash 
Spot 


Seam 


Projection 


OFFSET HOLDER THE Co 


Catalog 
and 
prices 


on request 


. Ine. 1600 Conn. WELDING ROLL 
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rs "ELECTROLOY" for RESISTANCE WELDING 


At the big, busy seamless tubing mill of the Spang-Chalfant 
Division of National Supply Compony at Ambridge, Pa., steel 
blooms ore d: led with Torchweld d ling apporatus. 
Mill scale is removed by this rapid oxy-acetylene method pre- 
porotory to flame conditioning. Ali pickling equipment at 
Spong-Chalfant was dismantied long ago to make way for 
this newer, more economical process. This division of National 
Supply hos been o user of NCG products for the past 12 years. 


A battery of four NCG “RS” Cutting 
Machines are used to speed produc- 
tion ot the R. C. Mahon Co., Detroit, 
Mich., steel fabricators and rf. 

turers of a wide variety of industrial 
and building products. Mahon has 
standardized on NCG's Torchweld 
No. 75 hand cutting torches, and re- 
lies exclusively upon NCG gases. In 
the case of machine cutting, gases 
ore abundantly provided from a port- 
able bank, seen at left in the picture. 
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GUESS 


Only TORCHW ELD performance could win 


such widespread respect and preference 


For many years Torchweld regulators and Bantam 
welding torches have been used in the welding and 
finishing of bodies at the Toledo plant of Willys- 
Overland Motors, Inc., makers of the famous Universal 
Jeep, Jeep Station Wagon, Jeep Truck and the "Jeep- 
ster.” The picture shows Torchweld Bantam Torches 
(formerly known as “Aircrafter" torches) putting final 
touches on bodies for the Jeepster, Willys-Overland's 
latest innovation in the American motor car field. 


Where gas consumption is measured in 
millions of cubic feet and production in 
thousands of tons, apparatus can’t be 
almost right—it’s got to be just right! And 
it is right when it’s performance-proved 
Torchweld apparatus for cutting, descal- 
ing, scarfing, welding or any of the dozens 
of other chores the oxy-acetylene flame 
does best... . Built into every Torchweld 
tool are quality, precision and the expe- 
rience of 30 years... . Give Torchweld a 
tryout in your operation and discover for 


yourself new efficiency and economy. 


EVERYTHING FOR WELDING 


NCG is recognized as one of the largest organizations 
of its kind in the world. It operates 73 manufactur- 
ing plants within the United States, offers supply 
and service through a vast network of hundreds of 
authorized NCG dealers and warehouses. For as- 
sured satisfaction in your welding and cutting needs... 


RELY ON NCG 
NATIONAL CYLINDER GAS COMPANY 


Executive Offices: 
840 N. Michigan Avenue, Chicago 11, Illinois 


Pioneers in Electric Welding since 1920 


Copr. 1949, National Cylinder Gas Ce. 


For simple clamping, a line of medium- 
duty Bar-Lok pressure units in especially 
adapted C-clamp frames is offered and, for 
application to jigs and fixtures, an internal- 
threaded adapter which may be bolted, 
welded or brazed inte position. 


Regulators 


New single-stage welding regulators, for 
oxygen and acetylene, which equal the 
performance Of two-stage regulators 
are now in production by the C. A. Nor- 


gren Co., Denver 9, Colo 


They are the yoke type for maximum 
safety, assure positive delivery of oxygen 
and acetylene at correct pressures without 
creep and hold the secondary pressure 
while tank pressure falls. An exclusive 
ball-pivoting lower spring rest assures per- 
manently frietion-free An- 
other exclusive Norgren construction fea- 
ture is the O-rings between yoke and dia- 


operation. 


phragm and between body and bonnet to 
seal and cushion the diaphragm for supe- 


rier performance and easy maintenance. 


| 
| 
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| Special design guides the jet accurately to 
disk so it always seats at exactly the same 
locations for a perfect seat 
These Norgren welding regulators 
Underwriters’ 


are 
listed by Laboratories, 
Inc. Each model is complete with pri- 
Mary and secondary pressure gages and 
Btandard tank They 
e@asily and completely dismantled, requir- 
ing driver and 
wrench, without removal from the evlin- 
der. Each unit is performance tested be- 
fore shipment. Complete information by 
writing the manufacturer: C. A. Norgren 
(o., 222 Santa Fe Drive, Denver 4, Colo. 


connection are 


only a screw crescent 


New G-R Inert-Gas Are Welders 
Receive Federal Communica- 
tions Commission Approval 


Solution to the problem of radio inter- 
ference from welders using high-frequency 
pilot circuits is indicated by the granting 
of Federal Communications Commission 
approval to the new “IGT” model G-R 
welders inert-gas arc welding, just 
announced by the Glenn-Roberts Co., 
Ine., of Indianapolis 

The G-R “IGT” models utilize a tube- 
type with extremely stable 
frequeney characteristics, used with a 
specially modified torch providing maxi- 
mum transfer of radio-frequency energy. 
Spurious and harmonic radiation is re- 
duced to levels permitted by the F.C.C 
The unit remains on frequeney regardless 
of working conditions, changes in humid- 
ity or temperature. The oscillator is a 
full-wave, self-rectifving type, using but a 
single tube. Designed as a compact, self- 
contained unit, the has ex- 
tremely few component and = is 


tor 


oscillator 


oscillator 
parts 


ruggedly constructed for long-service life 
Patents are pending on the new unit 

In addition to FCC approval, the new 
“IGT” model G-R welders offer several 
other advantages. Greater are stability is 
provided by the continuous, uninter- 
rupted flow of high frequency at 27,120,000 
eveles per second all during the welding 
“Missed” eveles common to spark- 
are eliminated, the 
gap adjustment is 


evele 
gap oscillators 
need for frequent 
avoided 


and 


Safety is assured by the fact that the 
entire high-frequency circuit operates at 
ground potential; maximum voltage at 
the torch is the welding voltage (approxi- 
mately 20 v No “feedback” of high 
frequency into the welding machine 
occurs, protecting the machine 
insulation breakdowns 


) 
against 


“Touch start’ contro!, incorporated in 
the oscillator design, provides automatic 
“eold” starting; when the electrode con- 
tacts the workpiece, a 6-v. control circuit 
is energized which turns the high 
frequency. When-—-and only when — the 
high-frequeney are drawn, welding 


Is 


WANTED 


Rectifiers 440 volt to 6 volt. 


R. V. Heilman 


Plymouth, Michigan 


Up to six 500, 1000 or 1500 ampere 


in first rate condition and low priced. 


Wall Wire Products Co. 


Black and White 


NET MONTHLY ADVERTISING RATES 


Effective July 11, 1947 


Space 


Twelve 
Insertions 


One Three 
Insertion | Insertions | Insertions 


*Full page 


$185 $165 $150 $140 


Must be Two-thirds page 


130 120 110 100 


Half Page 


105 95 80 


Quarter Page 


8s | 
55 50 


60 58 


Eighth Page 


| 35 30 28 


*Inside Preferred 


205 | 185 170 160 


10% Extra for bleed full pages. 
Agency Commission —15% 
Cash Discount — 2%, 10 days 


Color $65 extra per color added 


New Products 


THe WELDING JOURNAL 


= 
— 
a 
502 


FOR INERT-ARC WELDING 
FOR ATOMIC-HYDROGEN 
WELDING; 99.9% PURE 


General Electric tungsten electrodes, 
for Inert-Arc and atomic-hydrogen 
welding, assure you quality of con- 
tent, plus precision finish. They are 
now available for manual and auto- 
matic welding in diameters ranging 
from .040 to '2 inch and in lengths of 
from 3 to 24 inches as standard. Ran- 
dom lengths up to 60 inches furnished 
on requvesi. 

For more detailed information, see 
your local G-E Arc-welding Distribu- 
tor, or fill out the coupon and mail it 
today. We will send you a copy of 
the easy-reference G-E Arc-welding 
Accessory Catalog. 


Arc-welding Accessories 


May 1949 


INCREASED PROTECTION 
BETTER WELDING 
LONGER LIFE 


Copyrizht 1949, 
General Electric Co 


GENERAL ELECTRIC, Section B711-2 

Apparatus Dept., Schenectady 5, N.Y. 

Please send me, without obligation, G-E Arc-welding Accessory 
GEC-253. 


Nome 
Address 


ARC WELDERS + ELECTRODES ~« ACCESSORIES 
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current automatically comes on. Because 
no welding current flows while the elec- 
trode is in contact with the work, sticking 
of eleetrodes is avoided Both high fre- 
queney and welding circuits automatically 
shut off when the are is broken. Manual 
controls on the welder are extremely 
simple, consisting only of the current 
regulator handwheel and an on-off switch 
for the oscillator. Automatic gas and 
water controls are optional at nominal 
cost 

Use of an “are balancing” circuit in the 
“rr Improves both 
welding characteristics and power factor, 
resulting in lower current input. Dual- 
range output provides extremely wide 


welders greatly 


working range 

New G-R “IGT” models are being 
manufactured in NEMA ratings of 150, 
200, 300, 400, 500 and 750 amp. The 
FCC-approved G-R tube oscillator and 
modified torch are also available for use 
with other a.-c. and d.-e. welders for inert- 
gas are welding. Approval numbers are 
ME-472 and ME-474 

Complete information on the G-R 
“IGT” welders, and the G-R tube oscilla- 
tor, may be obtained by writing Glenn- 
Roberts Co., Inc., 2107 Adams St., Indian- 
apolis IS, Ind 


Electrode Solves Problems in 
Welding Cracked Motor Blocks 


Freezing weather always brings the in- 
dustry problems of cracked automotive 
eyvlinder blocks, heads and exhaust parts 
Such damage cannot easily be repaired by 
replacement because of inaccessibility , pro- 
hibitive cost and time-consuming dis- 
mantling processes 

Motor block welding definitely requires 
welders and preheated furnaces— a job the 
garage welder dares not undertake. But 
with New Eutectrode 24 20, the “cold” 
are-welding electrode for east iron, adapt- 
able to a.-c.- or d.-c.-welding machines, an 


immediate solution to the prebiem is at 
hand, since any metalworker can easily 
perform the job right on the spot! This 
low-heat welding electrode may be used 
without preheating the base metal, in- 
suring the job with no distortion or warp- 
ing. The motor, without being dismantled, 
may be welded in its immediate position 
using lowest amperages and lowest volt- 
ages! Eutectrode 24/29 is manufactured 
by Euteetic Welding Alloys Corp., New 
York, and is available in sizes 
‘.¢ and now the new ' 4 in. for big cast- 
Iron castings 

Finished weld is leakproof, strong and 
thoroughly machinable—a job the average 
welder can make with a regular machine 
using very lowest heat. The aecompany- 
ing photograph is a typical repair job on a 
motor block, done right in position using 
uteetrode 24,20. Each bead was peened 
to relieve stresses. This entire job used a 
minimum of time and material, and sav- 
ings are even greater when replacements 
costs are considered. 

Additional information on Eutectrode 
24,20 and other low-heat welding alloys 
for all metals may be obtained by writing 
to Welding Alloys Corp., 
Worth New York 13, N 


Cup-Ty pe Goggles 


\ new cup-type goggle claimed to be 
one of the safest and most comfortable 
goggles of its kind has been announced by 
the Chieago Eye Shield Co 

The goggle features newly developed 
molded thermoplastic cups. This ma- 
terial gives the strength and durability of 
commonly used substances, with 30 to 40% 
lighter weight, Cups are engineered to fit 
both left- and right-eye areas snugly yet 
gently, and have broad contact surfaces 
which eliminate “pressure spots.” 

Another feature of this newly designed 
Ceseo goggle is the molded rubber Com- 
fort-King headband, which provides added 
This headband holds 


comtort to wearers 


New Products 


the goggle firmly with 30% less tension 
It will not kink, curl or twist, and has no 
buckles or sharp edges. 
disk size adjustment is quick and simple 


Patented slip- 


This new Cesco eup-type goggle is avail- 
able in various styles for chipping and 
welding protection. For complete infor- 
mation, write Chicago Eye Shield Co., 
2300 Warren Blyd., Chicago 12, Ill. 


Electrode Holder 


The patented* improvement that dis- 
tinguishes this new welding electrode 
holder is the sharp angle design of the 
jaws. The angle shape of the jaws allows 
the operator to use the rod down to the 
shortest possible stub, with an estimated 
saving of 20% on electrodes. The angle 
jaw has the additional advantage of afford- 
ing the operator an unobstructed view of 
the are at all times and in all welding posi- 
tions. 


Instant reloading with one hand = is 
made possible by the trigger-lever that 
opens the self-spring jaws. Five gripping 
channels in the jaws give the operator a 
choice of angles in placing the rod,eliminat- 
ing the necessity of bending electrodes to 
reach into deep peckets 

Other key 
weight; fully insulated with unbreakable 
plastie over copper jaws that take from 
! 1 


features: light 


to! in. electrodes simple cable con- 
nection that takes various diameters with- 
out adjustment; separate springs, 
collets or other small parts 


The Ben-Nek Holder, Ine., 


offices are in East Haven, Conn, 


plant and 


*U.S. Patent No. 2,377,203. 
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High-Frequency Welder 


Approval for the Sureweld Gasare high- 
vy the National 
Chicago, was granted 
Com 


welder made t 


trequency 
Cylinder Gas Co., 
the Federal 
MISSION 

The FCC, in giving NCG the green 
light to manufacture high-frequency, inert 


by Communications 


gus are welders, acknowledged that 
characteristics of the new NCG oscillator 
and specially designed torch will keep the 
unit on its assigned frequency at all times, 


and eliminates the problem of communica 


trons interference 
NCG's 
designed 


engineering organization has 
i tube-type oscillator with ex- 
tremely stable frequency characteristics 
This is used with 


torch assembly which provides maximum 


i specially modified 
transfer of high-frequeney energy. 
tegardless of working or weather condi- 
welder remains on the 
27,120 ke. It 
eauses noe communications mterterence by 
radiation 


tions, the Crasare 
assigned frequency of 
either fundamental or harmonic 

The Gasare oscillator is a full-wave, self- 
rectifving type using a single tube It isa 
self-contained unit with extremely tew 
component parts 

The new Gasare torch, also approved by 
the FCC, is 
from interference while transferring high- 


tuned” to preserve freedom 


frequency energy from the oscillator to the 
welding ire The torch issembly Uses 
coaxial cable for the high-frequency trans 
THISSIOn 

In addition to eliminating interference 
with television and radio reception, the 
NCG Sureweld Gasare unit offers severa 


improvements im welding performance 


Greater are stability is provided by the 
per second 


ll during the Missed 


common to spark gap oscillators 


uninterrupted flow of 27,120 k¢ 
welding evel 
eveles, 
are eliminated, and the need for frequent 
gap wdijustments is voided 
An entirely new are-starting procedure 
illed by National 


touch start control,” provide automatyr 


Cylinder Gas Co 


cold starting The electrode is) con 


tucted with the work at the point where 


The self-contained Gasare oscillator 
unit shown above as part of the Sure- 


weld Gasare welder is available sepa- 
rately 


for use with other welding 
machines 


May 


1949 


The Gasare torch utilizes coaxial cable and a built-in tuning device to main- 
tain freedom from interference while carrying high frequency energy at 27.- 


120,000 eycles per second from the oscillator to the welding are. 


Flexible 


plastic cable provides passage for welding current, inert gas, high frequeney 
current and a circulating water supply for cooling the electrode holder 


the weld is to begin. The welding opera- 
tor can locate the starting point ol the 
weld accur ately because he can make this 
contact with his helmet raised 

work 
energizes a control circuit which turns on 
the high-frequency current. Then, after 
lowering his helmet, the operator with- 
This automatically 


Touching the electrode to the 


draws the electrode 
turns on the welding current and estab- 
lishes the are. Since no welding current 
will flow while the electrode is in contact 
with the work, sticking of electrodes is 
ivoided. Both the high-frequency and 
welding currents are shut off automatically 
To restart the 


when the are is broken 


ire, the same procedure Is follows d 

A special balancing circuit used on the 
inert-gas are not only improves welding 
characteristics, but results in a higher 
power factor which reduces input current 
substantially. 

The new oscillator unit will be an inte- 
gral part of NC's Sureweld Gasare inert 
are welders, to be made in six models 
ranging from 150 to 750 amp. in capac- 


ity The oscillator unit and tuned” 
torch also will be available for use with 
other welders 

Complete information on the newly 


ipproved equipment may be obtained from 
the National Cylinder Gas Co., S40 N 
Michigan Ave., Chicago 11, Tl 


Acetylene Cylinders 


Details of a new line of Acetylene cylin- 
ders they are making have been announced 
by Aetna Cylinders, Ine., 714 Fisher Bldg., 
Detroit 2, Mich 

These evlinders have a monolithic filler 
which permits not only faster filling but 
more gas capacity. This combined with 
their lighter weight enables the manutac- 
turer of compre ssed acetvlene to effect 
considerable savings—both in labor and 
trucking and shipping costs 

Aetna cylinders are available at present 
39 x 12 in., 30 x 10 in., 30x 18 
Bottom rings come as 


in 4 sizes 
in. and 24 x 6 in 
standard equipment on all sizes 


Aetna evlinders are equipped with a top 


New Products 


Prest-O-Lite 


Caps can be 


quality valve— with either 
type or commer ial fittings 
supplied with eylinders when require d 

All Aetna cylinders have 5 safety plugs 
and are manufactured in strict conforme- 


ance to speeifications 


Welders’ Protective Clothing 

A new development in salety clothing 
for welders is announced by Lester L 
Brossard Co., 540 N. Michigan Ave., 
Chicago 11, Ill. In place of leather, this 
company is using Asbeston, a remarkable 
new burnproof and heat-resistant no lint 
meet the need for a 
light- 


fabric, developed t« 
durable, washable and comfortable 
weight protective garment that can be 
worn for hours without discomfort to the 


worker. This new fabric has been tested, 


| 


approved and used by the U.S. Navy for 
fire-fighter suits. Washing or dry-cleaning 
does not harm this fabric, nor reduce its 
flameproof qualities. Aprons, arm sleeves, 
bibs and jackets are now available in this 
new material 


Hydraulic Press Becomes 
Welder’s Aide 


tecently becoming very popular in the 
welding field, is the 50-ton hydraulic press 
manufactured by Bee-Line Co., Daven- 
This press has proved itsell 
to be an outstanding part of welder’s shop 
equipment. \ movable ram is supported 


port, Lowa 


50 Ton Uydraulic Press 


on rollers and ean be positioned at any 
Pressure is quickly 
Spring action re- 


point on the track 

applied and released 
moves the ram clear of the work for better 
Welders are constantly re- 
making 


accessibility 
porting new uses of this) press, 
diffieult welding jobs easier 


Welding hit 


handy 


taining low-temperature 


welding kit con- 

dlovs and fluxes 
for anv gas welding job is now available 
from All-State Welding Allovs Co., Ine., 
273 Ferris Ave., White Plains, N.Y The 
complete kit comes in a metal box and ts 
All-State Doe Allows Kit 
which “has everything to weld anything.” 

This kit, 


compact 


known as the 


designed,’ 
meets a long-felt welder, dis- 
tributor and manufacturer alike It is the 
handiest kit vet designed to beeome stand- 
equipment 
euttit kept on contract jobs, on ships, on 
farms and for field repair of every kind as 


well as for the maintenance welders in 


which is “held 


need for 


with every gas welding 


plants, Tactories, Quarries, mines, foundries, 
ote To the welder it gives ina relatively 


Welding hit 


small metal box (2 x x in.) an 
ample supply of silver solder and LO other 
different kinds of low-temperature gus 
welding rods, a low-temperature galvaniz- 
ing powder and 8 fluxes. The rods are 
individually color marked and in labeted 
pockets in a leatherette roll; flux jars have 
individual labels; a booklet of complete 
instructions is included; and the cover of 
the box contains a convenient chart of the 
contents with practical working directions 


“Water-Saver” Valve for 
Controlling Coolant 


Recognizing that coolants used on weld- 
ers and machine tools frequently become 
an important cost factor, a “water-saver” 
valve has been introduced by Ross Operat- 


ing Valve Co., Detroit 3, Mich 


Valve 


straight-way or 
shut-off valve normally Open or closed to 
It allows the coolant to 


The new control is 


the water supply 
run When needed but automatically turns 
it off between required periods. A time- 
delay adjustment is set for maintaining the 
coolant flow for a period from 0 to 2! , 
min, after the machine evele 

Operation of the valve is purely auto- 
matic requiring no electrical or mechanical 
motivation It is generally activated by 
the same power which moves the machine 
evlinder. A 
tion is available for use when the evlinder 


Pressure-Booster™” modifiea- 


pressure is less than the water pressure 


Hydraulic Lift Truck 


easily handled with «a 
lift truck designed by 


Large ure 
special hydraulic 
Lyon-Raymond Engineers 

The reel earrier is built on the pattern 
ola single pallet truck 
forks are provided with a center opening 
wide enough to straddle the reel to be 
lifted. ‘Two uprights, welded to the base 
forks, have hooks which slip under the 
ends of a shaft pussing through the reel 
hub 


Two base 


New Products 


Hydraulic Lift Track 


Klevating the truck 5 in. by means of 
the self-contained hydraulic pumping unit 
lifts the reel so that it can be easily trans- 
ported 
loud at all times since it is raised by pump- 
ing the truck handle and lowered by means 
of the convenient finger-tip release lever 

The truck shown has a capacity of LOOO 
Ib, It is furmished with either 
Fork and 


The operator has control of the 


rubber- 
tired or metal wheels 
the height ot pickup hooks can be furnished 
to meet a wide range of reel sizes because 
each truck is built as a special unit 

Inquiries should be addressed to the 
Lyon-Raymond Corp., 1950 Madison St., 
Greene, N 


ANNUAL MEETING 
AMERICAN WELDING 
SOCIETY 
WEER OF OCTOBER 
CLEVELAND HOTEL 
CLEVELAND, OLLO 


In conjunction with National 
Metals Congress and Exposition, 


Cleveland Public Auditorium. 
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18-inch standard weight Tube-Turn welding 
tee and pipe laid out preparatory to 
assembly for hydrostatic pressure test 


Welder completing last bead in assembly 
Fitting and pipe now form homogeneous, 
leakproof unit. 


Assembly is hung in pit, massively lined with 
concrete. During test top grating is closed 
and held down by a barricade of sandbags 


t 


Final result after hydrostatic pressure test. 


The straight pipe burst first, and the tee 
is undamaged. 


May 


1949 


Strength through Design in Tube-Turn welding fittings 


The pipe burst first! 


Take an 18-inch standard weight 
welding tee. Take three correspond- 
ing lengths of pipe. Weld tee and 
pipe together. Cap the ends. Lower 
the assembly into a pit. Then apply 
hydrostatic pressure—much more 
than the assembly is supposed to 
take! 

Something has to give! Accord- 
ing to the accepted beliefs it should 
be the tee. But not in the case of 
the test pictured here. The Tube- 
Turn “‘barrel-shaped” tee was used 
—and the pipe burst, well before 
the tee was affected! Throughout 
numerous tests, this new type of 
tee has withstood at least 25 per 
cent more pressure than required 
by the formula given in ASA B16.9. 

The superior strength of the tee 
was achieved without running up 
extra weight and cost, by carefully 
planned improvements in shape 
(based on the sphere, nature’s 


TUBE TURNS, INC. 


strongest form for internal pres- 
sure), and by a carefully engineered 
distribution of metal. 

This is a typical example of 
strength through design in Tube- 
Turn welding fittings, and another 


good reason why leading piping 
engineers specify Tube-Turn 
equipped, welded piping. 


222 East Broadway, Dept. G, Louisville 1, Kentucky 


District Offices ot New York, Philadelphia, Pittsburgh, Chicago, Houston, Tulsa, San Francisco, Los Angeles 
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CURRENT WELDING PATENTS 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D.C. 


2,462,199-—Meriop oF ResISTANCE 
Using SHkARED- 
Our Prosections Joseph W. Kehoe, 
Wilkinsburg, and Joseph B. Dym, 
Pittsburgh, Pa., assignors to Westing- 
house Electric Corp., East Pittsburgh, 
Pa., a corporation of Pennsylvania 
This patent relates to a projection weld- 
ing method wherein two metallic members 
are secured together with one metallic 
member having «a formed 
thereon by partially shearing « portion of 
metal therefrom by a punching operation. 
\ current conducting electrode is posi- 


projection 


tioned on the one member at the rear of the 
projection formed thereon, utter which 
eleetric current is passed through suen one 
member, and the other member to produce 
sufficient heat to fuse the partially sheared 
portion out of one member to the other 
member 


2,462,458 —Sror-WeLpING 
Marshall Beymer, Chicago, IIL, assignor 
of one-half to Henry L. Sweitz, Chicago, 
Beymer’s patent is on a portable spot- 

welding apparatus wherein an elongate 

body including a transformer is provided 

\ fixed upper electrode is supported on 

the body and a movable lower electrode is 

also carried by the body. A clamping 
handle extends from the body at the upper 
portion thereof and is pivotally carried 
thereby and connected to the lower elee- 
trode for controlling the position of same 


2,462,463-—ELecrric Arc-CurrinG ELec- 
rrovE—Robert Henry Farmer Boot, 
London, England, assignor to Under 
Water Welders & Repairers Limited, 
London, England, a British company 
This patent covers an electrode for 
underwater are cutting and the eleetrode 
includes a carbon body with a metal cas- 
ing surrounding same. An insulating 
cover is over the metal casing which has a 
passage provided therein between the 
carbon and the casing for conveying oxy- 
gen from end to end of the electrode. 


2,462,561 —Wecpine Apparatus —Siebert 
Schneider, Oakwood, Ohio, assignor to 
General Motors Corp., Dayton, Ohio, a 
corporation of Delaware 
This patent covers a specialized welding 

machine wherein a single column of elec- 

trodes is stationed in spaced relation to 
one another and arranged in a form of 

\ plurality 

of bus bar contact members are provided 


predetermined configuration 


at predetermined positions and the column 
of electrodes is moved through a path to 
contact the bus bars and close welding cr- 
cuits at desired times so that the individ- 
ual electrodes in the column of electrodes 
can make a series of welds 


Toren ror Currine 
toy O. Young, Bell, Calit 


2,468,075 
OPENINGS 
This patent is upon a special type of 

torch holder apparatus 


Evecrrope — Fran- 
cis Ek. Garriott, West Allis, Wis., as- 
Signor to Ampco Metal, Ine , Mil- 
waukee, Wis.,a corporation of Wisconsin 
This patent is on a bronze electrode for 
are welding and includes a brouze core rod 
having «a covering comprising Guoride slag 
producing materials and a silicate binder. 
Iron and potassium are present in the 
covering in the form of iron and iron oxide 
and feldspar and potassium silicate, respec- 
tively. 


ror To- 

GETHER Pieces or Wire —Jan 

van der Windt, Eindhoven, Nether- 

lands, assignor to Hartford National 

Bank and Trust Co., Hartford, Conn., 

as trustee, 

This patent Is on a special machine for 
forming a weld between one end of a first 
wire and one end of a second wire and also 
forming a weld bet ween the other end of the 
first wire and one end of a third wire. 


BRAZING 
Articies~ Alfred C. De Lorme, Maple- 
wood, J., and Carl G. Sehesech, New 
York, N. Y., assignors to Western Elee- 
trie Co., Ine., New York, N. Y., a 
corporation of New York. 


2,463,158 


The apparatus covered by this patent 
relates to the brazing of articles made 
from an assembly of metallic members and 
hollow metallic bodies which have non- 
metallic material, such as glass, sealed 
thereon and with a fusible material inter- 
posed between the hollow metallic bodies 
and the metallic members. 


2.463, 408 -Macuine ror Frame-Cur- 
rincCrreLes — Lansing Millis, Ben Avon, 
Pa., assignor to American Bridge Co 
\ special 

covered in this patent 


flame-cutting machine is 


2,463,007 -Mernop anp APPARATUS FOR 
Pire Roger Risley and 
Paul B. Scharf, Bradford, Pa., assignors 

Cleveland 

a corporation of Pennsylvania 


to Dresser Industries, Ine., 


Current Welding Patents 


This patent covers a mobile pipe-weld- 
ing unit wherein «a vehicle carries a torque 
head which has means associated there- 
with for paige adjacent pipe sections 
and holding the adjacent ends thereof in 
welding position Additional means are 
prov ided for rotating the pipe sections and 
lor depositing weld beads around the pipe 
ends to be secured together, 


2,464,054 Portas Srot-WELDING 
(GUN Joseph J. Panik, Detroit, Mich., 
assignor to Banner Products Co., Mil- 
waukee, Wis. 

This welding gun includes « pair of ter- 
minal rods that have welding points; the 
rods are pivotally connected together so 
that the points can be moved toward and 
Actuating mech- 
anism is connected to the rods for effecting 


away from each other, 


pivotal movement thereof and such meech- 
anism ineludes an elongated leaf spring 


Curkent TRANs- 
FORMER CONNECTION — William A Soley, 
Jr., Melrose, Mass., assignor to reneral 
Electrie Co., a corporation of New York 
Soley’s patent covers a main transformer 
having a multisection primary winding and 
a secondary winding, wherein a current 
transformer having a multiseetion primary 
winding and a secondary winding is also 
provided. Each section of a current 
transformer primary winding is connected 
in series with a different section of the 
main transformer primary winding to con- 
stitute a plurality of groups of the serially 
connected sections. Means also are pro- 
vided for selectively connecting said groups 
in parallel and in series, 


Wire-—Albert M 
Ross, Westmont, IIL, assignor of one- 
half to William 8. Gilpin, LaGrange, 
[li., and one-half to National Cylinder 
Gas Co., Chieago, Il. 

This patent is on a welding wire which 
has an elongate core with an enveloping 
sheath of flux material. An elongate strip 
extends longitudinally of the core in tor- 
tuous form and is embedded in the flux 
sheathing. A second strip extends longi- 
tudinally ef the core in) superimposed 
relation to the first strip, being embedded 
in the flux sheathing. Portions of the 
second elongate strip are exposed at the 
surface of the flux sheathing 


Mareriats 
Charles A. Cadwell, Cleve- 
Ohio, assignor to The 


2,464,210 
PROCESSES 
land Heights, 


Bleetric Railway Improvements Co., 
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Cleveland, Ohio, a corporation of Ohio 
This patent covers a welding process and 
composition, The novel composition is 
for use in producing molten copper suit- 
able for welding, by a metal-producing 
exothermic reaction. The composition 
comprises a mixture of copper oxide with a 
special reducing agent and with a second 
reducing agent which contains calcium and 
silicon The silicon is present in excess of 
the calcium and is effective to produce a 


highly fluid slag 


2,464,402 APPARATUS FOR CONTROLLING 
Heat Eveerric 
| Kentis, Jr., Cleveland, Ohio, as 
signor to The Yoder Co., Cleveland, 
Ohio 1 corporation of Ohio 


Ceorge 


This patent covers a special control cir- 
cuit that controls heat of an article being 
welded wherein a photo-« lectric cell is 
adapted to respond to the heat condition 
of the article and such cell is then con 
nected to control means for increasing or 
decreasing the current supply depending 
upon the heat of the article 


WELDING 
Alexander Rava, Jersey City, N. J 
An electric fusion welding circuit is 
covered in this patent and it includes a 
condenser, a power transformer, a rectifier 
tube and means for charging the condenser 
through the tubs \ special transformer 
for controlling the time of firing of the tube 
is provided and is connected to the second 


ary of the power transformer 


WeLDING ApPparRa- 

rus -Albert ¢ Fletcher and Donald 

Llovd, Oklahoma City, Okla 

This patent covers welding apparatus 
including a transformer having « primary 
and secondary winding. Means for ob- 
tuining different ranges of output current 
from the secondary of the transformer are 
provided and include a reactance. A 
switch is provided in the reactance cir- 
cuit and is controllable by the welding 
operator so that the switch ean be closed 
to short circuit means associated there- 


with and connected to the reactance for 


t 


increasing the range of welding current a 
inv desired time 


2,404, Cuain Wetper—Melvin M 
Secloff and Leroy Conklin, Warren 
Ohio, assignors to The Taylor-Winfield 


Corp Warren, Ohio, a corporation oO 
Obie 


A special type of chain welding appara- 
tus is disclosed in this patent 


2,464,836 WELDING David 
Thomas, Jr., Narberth, Pa., and George 
F. Comstock, Niagara Falls, N. Y 
said Thomas assignor to Arcos Corp., 
Philadelphia, Pa., a 
Pennsyly ania, ind said Comstock as- 
signor to National Lead Co., New York, 
N. Y., a corporation of New Jersey 


Royal 


corporation of 


This patent is on ast tinless steel weld- 
ing rod which has a titanium-bearing 
coating comprising from about LO to 40% 
by weight of a powdered alloy containing 
between 15 and 45° % of titanium tela- 
tively large quantities of aluminum are 
ilso present as are percentages of nickel, 


manganese, copper, silicon and iron 


2,464,875 -Cuain anp CHAIN 
WELDING Macuint Alfred Hl. Lewis, 
HLuntington Woods, and Keith Sheren, 
Dearborn, Mich., 
Electric Welder Co., a eorporation of 
Michigan 


This patent relates to 


issignors to Swilt 


machine for 
welding together partially open links of a 
preformed chain 


INDEXING Devick ror WELD 
ING) Macuines—Arthur M. Unger, 
Chicago, Tl Pullman- 
Standard Car Mfg. Co., Chieago, Ill., a 


2,164,906 
issignor to 


corporation of Delaware, 

This patent relates to an indexing device 
for a welding machine which has a work- 
holding table that 1s movable in both 
longitudinal direetions 


2,464,925 -Franeis Ar 
thur Fox, Swinton, and Edward Fred- 
erick Emley, Salford, Manchester, Eng- 
land, assignors to Magnesium Elektron 
Ltd., London, England, a British eom- 
pany 
This welding flux primarily comprises 

of lithium fluoride about 20°, magnesium 

fluoride about 28°, calcium fluoride about 

17% and barium fluoride about 35% 


EvecrricAL Con- 
Chester 1 Leathers, 


2,464,035 
TROL SYSTEM 
Detroit, Mich 
“his patent relates to a system for 

supplying power to a load cireuit, wherein 

energy storage means are provided and 
they have a means for delivering charging 
current thereto. The storage means are 
by connec- 


connected to the load eircuit 


tion means which are arranged to miain- 
tain the charging means connected to the 
storage means whenever the storage means 
are delivering current to the load circuit 


2,464,967 Macutne—George 
M. Dinnick—Bloomfield, N. as- 
signor to Westinghouse Kleetrie Corp., 
east Pittsburgh, Pa., a corporation of 
insvivanis 
Tuis welding machine has a pair of 

electrodes both of which are movable 

toward each other A workpiece is re- 
ceivable between the movable electrodes 
and the apparatus is so constructed that 
the welding cireuit both supplies welding 
heat to the work between the electrodes 
ind applies a forging pressure ol the 
second electrode toward the work and the 


first electrode 


2,464,981 OF AND APPARATUS 
FoR F 
Leathers and Louis M. Benkert, Detroit, 
Mich., assignors to Progressive Welder 
Co., Detroit, Mich 
Michigan 
This patent covers a method of bonding 

two or more steel members together which 


corporation of 


comprises passing a heating current there- 
through while the members are pressed 
together to form a weld nugget, measuring 
the temperature of the welded nugget and 
sending second and variable welding 
impulse through such portion of the mem- 
bers when predetermined temperatures 


ire reached therein 
2,465, 157-—-OXYELECTRIK Toren —Charles 
C. Isbell, Long Beach, Calif 
The oxygen-electric torch disclosed in 
this patent includes a control lever which 
is manually operable in one direction to 
effect opening of a valve for oxygen flow 
through the torch and for the closing of 
the switch. In its opposite position, the 
lever closes the valve and also opens the 


switch 


2,465,242—-Gas Toren-—Dale A. Line, 
Bartlesville, Okla 
Line's torch includes a tube which has a 
mixture of air and gas supplied thereto at 
one end and a burner head is secured 
thereto at the other end of the tube The 
burner head is tubular and larger in diam- 


eter than the mounting tube 


om page 4944) 


“The Effective Use of Manufacturers 
Sales Literature,’ E. A. Steidl, Prod 
uct Sales Manager, A.O Smith Corp., 
( hic ie, Ill 

“The Value of Incentive Bonuses for 
Inside Employees, Hal 
Arizona Welding 
Phoenix, Ariz 


Savage, 
Equipment Co 


The Ladies Program includes sight- 
seeing tour of the City of Cincinnati 
They ure also invited to attend the in- 
formal dinner on Thursday evening 


May 1949 


Research Bulletins 


The Welding Research Council has in- 
augurated a new bulletin series to take care 
of the overflow of research reports not in- 
cluded in the Welding Research Supplement 
For the most part, this bulletin series will 
consist of reprints of papers and reports 
pre sented before other societies than the 
AmerRICAN WELDING SocieTy \rrange- 
ments have been made with the Socrery 
for the sale and distribution of these re- 
search bulletins to those members who de- 


sire to purchase them. The sale price has 


Current Welding Patents 


been set at $.50 each. The following three 
bulletins are now available 
No. 1, March 1949-—“Steel Composi- 
tions and Specifications,’ by Charles 
M. Parker, American Iron & Steel 
Institute 
No. 2, April 1949-—“The Nature of the 
Are,” by J. D. Cobine, General Elee- 
tric Co 
No. 3, May 1949 —“Burn-Off Charac- 
teristics of Steel Welding Electrodes,” 
by D. C. Martin, P. J 
C. B. Voldrich, Battell 


Institute 


tieppel and 
Memorial 
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Anthony Wayne 


On the evening of Friday, Mareh 25, 
1949, the Anthony Wayne Section held 
their regular monthly meeting at the 
Chamber of Commerce Building, Fort 
Wayne, Ind. The meeting started with a 
Buffet Dinner at 6:30 P.M., which was 
followed by a very unusual and interesting 
entertainment session 

This show was the well-known and 
highly entertaining General Electric pro- 
gram, “The House of Wonders,’ pre- 
sented by M. C. Halleck and Paul Moore 
of General Eleetrie Works Laboratory 
They featured many scientific — not origi- 
nal——wonders such as Plastic Rubber, 
Chemical Light, Electric Wire Recorder, 
\ arious Light and Sound Phenomena, ete., 
and demonstrated the many uses and 
tricks that could be done with them 

The Chairman of the Section, George 
i Laws, then introduced the technical 
speaker for the evening, E J. St Eve, 
Design Engineer for the Pandjiris Weld- 
ment Co. of St. Louis, Mo., 
talk on “Weldment Design.’ This ses- 
sion Was divided into three parts——first, 
Mr st 
series of slides picturing some of the more 


who gave a 


discussion; seeond, a 
interesting weldments; and last, a ques- 
tion and answer program 

In his talk Mr. St. Eve traced the tre- 
mendous strides the Welding Industry 
has taken since the days of the First 
World War up to the present time, stress- 
ing particularly the replacing of castings 
He strongly 

Weldment 
Design tended, in most cases, to promote 


and forgings by weldments 
tmphasized the tact 


the greatest strength, utilitv. and econ- 
omy obtainable Like in all new tools, he 
said problems are bound to arise but 
they are being overcome by the ever-in- 
creasing knowledge of and practice ol 
Weldment Design 

Following Mr. St. Eve's talk, a number 
of slides were shown that brought out 
many thought-provoking questions. After 
this, a short but very interesting question 
and answer session was held after which 
the meeting adjourned 

Ninety members and guests were pres- 
ent and the meeting proved one of the 
host interesting and educ ational ones of 


this season 


itlanta 


February 17th dinner meeting was held 
in the Meeting Room of Herrin’s Restau- 
rant R. C. Singleton of Nelson Sales 
Corp., Lorain, Ohio, was the guest 
speaker. Mr. Singleton spoke on the sub- 
ject of Nelson Stud Welding, which was 
very well received. A film on the same 
subject was shown 
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Prepared by C. M. O'Leary 


Bridgeport 


The seventh meeting of the year was 
held on Thursday, March 24th, in the 
Candielite Restaurant, Bridgeport, Conn. 
Speaker was John W. Mortimer of The 
Whitlock Mfg. Co., Hartford, Conn. Mr. 
Mortimer spoke on “Welding of Non- 
ferrous Metals.” He was an excellent 
speaker and held the audience interest for 
the entire period of his talk. 


Chattanooga 


“Inert-Are Automatic Welding” was 
the subject of H T. Herbst’s talk at the 
March Ist dinner meeting held at Edger- 
ton's Dutch Manor Mr. Herbst is con- 
nected with The Linde Air Products Co., 
Newark, N. J. A film “Are Action During 
Welding” was shown in conjunction with 
the paper. Both the talk and the film 
were we ll received 

The April meeting was held on the 4th 
at Edgerton’s Dutch Manor 

A. B. Tesmen, Welding Engineer with 
the North American Phillips Co., Ine., 
presented a paper on “Contact Are Weld- 
ing " Tis talk was emphasized with slides 
portraving comparative qualities of con- 
tact rods and conventional rods 


Chicago 


Observations noted while on a postwar 
trip through the South Pacifie seeking 
scrap sources were included in a thorough 
explanation of the problems and processes 
of modern serap preparation in a talk by 
Howard Parker, Carnegie-Tlinois Steel 
Corp..at the March ISth meeting. Speak- 
ing in the People’s Gas Light and Coke 
Co. auditorium, Mr. Parker said there is 
net as much usable serap in War areas as 
is generally believed. Shipping costs, qual- 
itv of metal and preparation problems rule 
out many possibilities 

After serap is reeeived at the mill, it 
sorted, Mr Parker 


MAInganese, 


must be carefully 
pointed out, as to chrome, 
ete., content, beeause of oxidizing and 
nonoxidizing qualities 

The domestic serap situation seemed to 
be easing, in Mr. Parker's opinion, and 
serap shipments from overseas will prob- 
ably be eut down as a result. German 
scrap is heavy and of good quality, but 
needs careful sorting, he said, because of 
explosives and chemicals mixed in some 
shipments 

William Pearson presided over the meet- 
ing in the absence of Chairman Charles 
Steele. Ted Russell gave a report on the 
officers nominated for president and vice- 
president of the “Fusioneers.”  R. LL. 
Kohlbrv, as chairman of the Nominating 
Committee, read the names of men selected 


Section Activities 


for officers for the vear 1949-1950. Dr. 
John M. Parks, chairman of the Member- 
ship Committee, reported on the commit- 
tee activities 

The premeeting dinner was held at 6 
P.M. at Burke's Grille and Restaurant with 
about 50 in attendance. Before the meet- 
ing was called to order in the auditorium, 
three movies were Wheels 
A-Rolling,”’ a color of the Chicago Railroad 
Fair, “Bryee-Zion-Grand Canyon” and 
*Banft-Lake Louise.” 


shown, 


Cincinnati 


Regular monthly meeting of the Cinein- 
nati Section was held on Tuesday, Feb- 
ruarv 22nd, at Engineering Society Head- 
quarters. The subjeet “Power Supply for 
Heliare Welding’ was presented by John 
H. Blankenbueliler, Engineer 
Hobart Bros. Co Slides were also used to 
illustrate the talk. Mr 
pre sented a very good talk 


Design 
Slankenbuehler 


Sixtv-six members and guests were pres- 
ent Following the Dutch 


Lunch” was served 


Colorado 


Dinner meeting was held on March Sth 
in the Range View Rooms, Silver Wing 
Inn, Denver Patrick J. Patton, Sales 
Supervisor, Ransome Division, Worthing 
ton Pump and Machine Corp., gave a talk 
on the History and Development of Turn 
ing Rolls and Positioners in the Welding 
Industry. 

A film “Travel with American Air Lines 
in Old Mexico” was also shown 


Columbus 


The Columbus Section had its most 
successful meeting March Pith. The plant 
Marion 


Shovel Co. was extremely well organized 


visit sponsored by the Power 
Small groups escorted by The Shovel 
personnel gave the visitors a chance to ask 
questions and see the different phases ol 
operation in the fabricating of the huge 45- 
en. vd. shovel 

At the conclusion of the plant tour the 
Visitors assembled at the Harding Hotel 
for dinner 

Guest speaker was Leon C. Bibber of the 
Carnegie-IHlinois Steel Corp., Pittsburgh 
Mr. Bibber commented on how well or- 
ganized the visit was and thanked Howard 
Carv and Amel Mever for their efforts 

Mr. Bibber opened his talk with an ex- 
periment showing reealescence, then went 
on to explain some of the effects of heating 
and cooling in welding. This paper was 
extremely well presented and comments 
were to the effeet that this was the best 
talk of the year 

At the conclusion of Mr. Bibber’s talk, 
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Mr. Busick showed a film on the Marion 
Power Shovels at work. This was very 
Interesting 

Visitors to this session came from many 
parts of the area, all interested in the weld 


ing of heavy equipment 


Dayton 


Carl MeLaughlin, head of the Engineer- 
ing Service Division of Tube Turns, Ine 
Louisville, Kyv., addressed the March 23rd 
meeting, held at the Engineers Club, on 
the subject “Piping Developments, a ¢ ‘hal- 
lenge to the Welding Profession.” 

Mr. MeLaughlin and the members of his 
staff are engaged in developing new appli 
cations for welded piping, in a variety ot 
fields. Their recommendations have led 
to new efficiency in the piping svstems of 
many well-known manulacturing estub- 
piping for industrial 


lishments, and i 
nt 


Detroit 


Welding Research Its Value to In 
dustry, was the subject of the March 
10th and Lith meetings of the Saginaw 
Valley Division and Detroit Section 

Speakers and Subject tor the evening 
were Dr. Wendell F. Hess, Dept. of 
Metallurgical Eng tensselaer Polytech 
Welding tesearch Its 
Value to Industry George Martin, Kil 
patrick and Martin, “What Welding Re 
search Can Do for the Resistance Welder 
Manufacturer Jack Ogden, Charge of 
Welding Research Developments, Fisher 
Body Division, General Motors Corp 
What Welding Research Can Do tor the 
Automotive Manufacturer 

Dr. Hess, in his own inimitable style 


nie Institute, 


presented the principal address of the even- 
ing Ik urged support of research and 
then went on to clinch his point by port 
ing out the valuable facts which have beer 
discovered and published In 
of Tuk Werpine 
re available to members of the American 


Jor RNaL, where the 


His talk was ful 
illustrated by an adequate collection o 
slides, of photographs, charts and eurve 
Which appeared with the articles 

These showed the results and fae 


doin various 


whieh research has des 
phases of welding, and how widely their 
endeavors have touched the welding tleld 
George Martin and Jack Ogden told o 


they and their firms were dommg i 


the field of research and expressed the 
need for more work and men in researel 


as Dr. Hess 


Hartford 


February 17th dinner meeting was held 
in the Miig. Co. Cateteria 
Speaker of the technical session was Tar 
old Robinson of the Air Reduction Labora 
tories, Who spoke on the subject Hard 
Surface Electrodes Discussion followed 
Mr. Robinson's very interesting address 

March 7th dinner meeting was also 
held in the Whitlock Mig. Co. Cafeteria 
C. Korton ot Hartford Steam Boiler 
Stress and 


gave a demonstration with a Photoelastic 


spoke on the subject 
Polariseope 


May 1049 


L. T. Benoit of Flame Treating & Eng 
Co., gave a blackboard demonstration of 
‘Flame Hardening.” 


Lehigh Valley 


The regular monthly meeting of the Le- 
high Valley Section was held on Monday, 
March 7th, at the Fritz Engineering Lab- 
oratory, Lehigh University, Bethlehem, 
Pa ( L Kreidle f Ch rman, pre sided 

Charles D. ¢ ooper, District Manager, 
Metal and Thermit Corp., gave an illus- 
trated talk on “The Thermit Welding 
Process Mr. Cooper presented an inter- 
esting discussion on the types of jobs to 
which the Thermit welding process is ap- 
plicable He told of the work being done 
in shipyards on the fabrication of heavy 
castings, and the use of the process for 
joining of rails and general repair work 

In the discussion that followed the talk, 
Robert Brown, of the Metal and Thermit 
Corp., ably answered many questions from 


the audience 
Los Angeles 


Thursday evening, Mareh 17th, the Los 
Angeles Seetion held its regular monthly 
dinner meeting The speaker was Dr 
Smith, Chief Metallurgist, Electrode 
Division, Harnischfeger Corp. Dr. Smith 
Welding — New 


Discovery and development 


spoke on the subject 
Technique 
of are welding was described first, with 
more recent applications und techniques 
following. In this manner the background 
vas shown for the necessity of producing 
such a type as the low hydrogen electrode 
Applications of an inert gas shield to ex- 
clude hydrogen from the weld area were 
ilso discussed. Uses of low hydrogen coat- 
ings were further deseribed and properties 
ittuined illustrated upon slides 


Smith's stra 


htforward answers to ques- 


tions and divulgences of information some- 
times considered trade secrets were greatly 
appreciated 


Louisville 


J. Lyell Wilson, Direetor of 
American Bureau of Shipping, New York, 
was the guest speaker at the Mareh 22nd 
meeting. His subject was “Inspection and 
Quality Control of Welded Construction.” 

A part of Mr. Wilson’s talk was illus- 


trated with lantern slides and was a well- 


tesearch, 


presented discussion of research im- 
proved designs for the hatch corners of 
welded ships. Data was also given on the 
development of ship plate steels for better 
low temperature performance 

Following the discussion period, a movie 
about magnesium, entitled “Treasure from 
the Sea” was shown 
4 Dutch Lunch was served at the end of 


the meeting 


Mahoning balley 


R. H. Davies, Consulting Engineer of 
The Lincoln Electrie Co., Cleveland, Ohio, 
Was the guest speaker at the March 15th 
meeting held in the Ohio Edison Audi- 
torium, Youngstown, Ohio 

Mr. Davies’ talk Design and Welding 
ot Machinery Structures 


know-how’ in welding machinery struc- 


pointed out the 


tures 

Approximately LO million tons of cast 
iron produced in this country annually 
challenges the welding engineer when it is 
recognized that 2!» million tons should be 
repl ced by fabricated welded steel strue- 
tures. Such industries as the machine 
tool, textile machinery, ete., should have 
many parts and, in tact, whole machines 
fabricated from welded steel because of 


greater rigidity and lower cost 


February 18th Meeting, Maryland Section 


Section Activities 


The many reasons why such machines 
are not built of welded fabrieation are over- 
shadowed by one lack of design “know- 
how 

Mr. Davies concentrated on the type of 
design “know-how” as the simplest way 
to indicate how structures can be welded 


fabrications 


Maryland 


The February ISth meeting of the Mary- 
land Section was held in the Engineers’ 
Club, Baltimore, with 115 attending The 
technical speaker Was Professor Robert 
Pond, Assistant Professor of Mechanical 
Engineering, Johns Hopkins University, 
who discussed, “The Heat Effects of 
Welding Professor Pond enlightened 
those in attendance on phase diagrams, 
ervstalline strueture and changes of strue- 
ture, pointing out the effect of these on 
welds and welded structures. 

This meeting was designated as “Joe 
Humberstone Night” and was set aside to 
honor J. H. Humberstone for his services, 
leadership and wise council to the 
Mr. Humberstone’s influence has not been 
limited to the Marvland Section, but also 
included the National A.W.S., having been 
District Vice-President in 1942-43, and at 
the present time, is a director of the 

The dinner, at which 86 were in attend- 
ance, and the period usually given to after- 
dinner entertainment, were given to hon- 
oring Mr. Humberstone. 

S. A. Greenberg, Technical Secretary of 
the A.W.S., and C. A. Loomis, Bureau of 
Ships, Navy Department, were special 
guests invited to tell of Mr. Humber- 
stone’s contributions to welding In 
recognition of Mr. Humberstone’s contri- 
butions, the Section presented him with an 
A.W.LS. pin, welded stainless steel book 
ends, and a citation reading: “Citation, 
awarded to J. H. Humberstone for his out- 
standing service, loyal support and gener- 
ous contributions of time and thought to 
the Maryland Section of the A.W.S., 
Humberstone Night, Feb. 18, 1949, 
signed by the Section Officers 

Mr. Humberstone is soon moving to 
New Jersey where he has accepted a posi- 
tion with the Air Reduction Co., as Diree- 
tor of Apparatus Manufacturing. 


Michiana 


The Michiana Section held their seventh 
meeting of the current series on March 
17th, with A. EF. Hackett, Progressive 
Welder Co., doing the honors. Following 
a very brief history of the resistance weld- 
ing industry, Mr. Hackett had members of 
the audience write out any problems that 
they might be up against in resistance 
welding. Using these as a basis for dis- 
cussion, he then elaborated upon the 
points which the questions brought up. 
The discussion was preceded by a movie on 
“Radiography” and followed by General 
Electrie’s picture, “This Is Resistance 


Welding.” 


Milwaukee 


About 60 members attended the dinner 
preceding the Mareh 25th meeting of the 
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Milwaukee Section held at the Ambassa- 
dor Hotel. Others came in later for the 
technical meeting which was addressed by 
W. R. Plummer, Sales Manager of the 
Progressive Welder Co., Detroit. 

Mr. Plummer's talk covered some of 
the fundamentals of designing for resist- 
ance welding and was of a very practical 
nature. He explained how the speed and 
cost of producing weldments by resistance 
methods are affected by design, and he 
emphasized the desirability of the design- 
ing engineer being thoroughly familiar 
with the requirements for good resistance 
welding setups. The effeets of proper 
spacing of the welds, flange widths and the 
use of projecting welding were discussed in 
an interesting manner. Flash welding was 
mentioned but not discussed in detail 


Nashville 


March dinner meeting ot the Nashville 
Seetion was held on the 4th at the Nash- 
ville Bridge Co. Cafe. HH. T. Herbst: of 
The Linde Air Produets Co., 
clear-cut, interesting talk on “The De- 
velopment and Application of Heliare 
Welding Process.” A slow motion film on 
the Characteristics of the Are was also 


presented 


shown and well received 


New Jersey 


Harry W. Pierce of the New York Ship- 
building Corp., Camden, N. J., gave a very 
interesting talk at the March 15th meet- 
ing. While making a survey of the Japa- 
nese shipbuilding industry for the U.S 
Government, Mr. Pierce had the oppor- 
tunity of seeing more of their industrial 
facilities than most of our occupational 
personnel 

One of the most significant facts was 
that with few exceptions the Japanese did 
not expand their industries for wartime 
production. The war was planned far in 
advance, and in the early 1930's, they 
started stockpiling huge stores of finished 
munitions. When they felt that there was 
enough to fight a war, they started hostil- 
ities. When the war came to an end, they 
still had a well-equipped army of millions 
of men with supplies and equipment for 
about two more years of fighting. Fortu- 
nately for us, their poliey resulted in much 
of their fighting equipment being obsolete, 
and it did not equal our modern wartime 
production 

They performed little or no maintenance 
and repair work during the war, and their 
plants were impressive with their unti- 
diness. 

The present problem is an acute short- 
age of major resources with which to sup- 
ply and feed the population. There are no 
resources for the production ot goods for 
foreign exchange, which imposes a serious 
handicap tor economic recovery. 


New York 


At a joint meeting with the American 
Society of Civil Engineers, the New York 
Section heard LaMotte Grover, Welding 
Engineer, of Air Reduction Sales Co., 
speak on “Welded Steel Structures” at the 
Engineering Societies Bldg. on March 
16th 


Section Activities 


Mr. Grover discussed recent develop- 
ments and practical applications ot struc- 
tural welding He used as examples some 
of the welded buildings, gas holders and 
bridges that are now being constructed 
and with slides he showed some jomt de- 
signs. Mr. Grover also discussed the role 
that research in the United States and 
abroad is playing In orienting practices of 
design and construction procedures 

Over 250 members of the two Societies 
were present R. W. Armstrong, Presi- 
dent of the Metropolitan Seetion of the 
ASC LE., introduced the spe aker and con- 
ducted the discussion period Arrange- 
ments for the meeting were made by Il. W 
Lawson, 2nd Vice-Chairman of the A.WoS 
New York Seetion 


Northern New York 


A special meeting of the Northern 
New York Section was held on Friday 
March Arsham Amuirikian, Head 
Designing Engineer of the Bureau ot 
Yards and Docks of the U.S. Navy 
spoke on “New Trends in the Design of 
Welded Steel Structures The meeting 
was held in the auditorium of the New 
York Power and Light Co. Bldg... Albany 
to facilitate attendance by structural 
engineers of the New York State Depart- 
ment of Publie Works. The meeting was 
called so as to coincide with Mr. Amiri- 
kian’s schedule as visiting lecturer at the 
Rensselaer Polytechnic Institute at Troy 
Mr. Amirikian leetures at Rensselaer each 
vear in connection with the training of 
young officers in the Civil Engineering 
Corps of the U.S. Navy Mr. Amirikian 
discussed welded rigid frame structures 
and articulated wedge beam framing 
His talk was illustrated by 
slides. The meeting was well attended 


numerous 


by structural engineers associated with 
various organizations in the ares 


Northwestern Pennsylvania 


“Stump the Experts’ night was held 
on March 22nd at the Erie, Pa., Y.MLCLA 
The experts were G. O. Hoglund, Chas 
H. Jennings, C. W. Lytton and B. J 
Grimes. There was also a welcoming 
delegation from Niagara Frontier Section 
headed by Chairman Isadore Morrison 
A visit and talk was made by Fred L 
Plummer, Vice-President, Distriet No. 4 


Oklahoma City 


The Oklahoma City Section held its 
March meeting on the evening of March 
Oth at the Huckins Hotel in the Crystal 
Room. This was a dinner meeting, with 
an excellent turnout of 42 men to hear 
“Connie” Voldrich of Battelle Memorial 
Institute give his talk 

The subject of his talk was *Weldability 
of Steels."’ He utilized slides and did an 
excellent job of presenting his subject 

As an added attraction, arrangements 
were made with the Oklahoma State 
Highway Patrol to have Lieut. Lester 
give a short coffee talk on the subject of 
Safety. This subject is of general interest 
and extreme importance and it too Was 
well received. 
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Speed Up Your Welding 
Schedules with 
DH-2 Electrodes 


Use America’s fastest electrodes 
to cut your production time and costs 


The DH-2 6020 electrode can’t be beat when it comes to speed. Test it 
yourself against any electrode—you'll see what we mean. In addition to 
cost-cutting speed, the DH-2 has these important features. 


Good appearance—smooth uniform bead. 


Both medium and deep penetration — just change your amperage and 
travel speed. 


Good X-ray quality — ideal for heavy plate work. 


No spatter and easy slag removal — you save production time and 
money all the way around. 


Works on AC or DC welders. 


The DH-2 is a down- 
hand rod. Use it to lower 
your costs on horizontal, flat, 
fillet, or groove welding. 
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ELECTRODES 
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Philadelphia 


A Panel meeting was held on March 
ith at the Engineers Club in the form of a 
debate on the subject “Resolved That 
Present Welding Codes and Specifications 
Should Be Liberalized.”” Affirmative 
George Johnson, Lincoln Electric Co., 
and Harry Irrgang, W. K. Mitchell Co. 
Negative—T. M. Jackson, Ship- 
building & Dry Dock Co., and R. D. Brad- 
way, New y ork Shipbuilding Corp. Use 
of debate for this type of meeting proved 
verv interesting and was well received. 

“How to Select the Best Welding Proc- 
ess for the Job” was the subject presented 
by Walter Mehl, Welding Engineer, 
Heintz Mfg. Co.. Philadelphia, at the 
regular monthly meeting held on March 
21 st 

Mr. Mehl covered the subject of selee- 
tion of the best welding process in an able 
manner. 

After outlining the general considera- 
tions involved, he illustrated with pro- 
jected photographs various types of jobs 
that had been undertaken by Heintz 
ind gave the reasons for using particular 
welding processes on that job. The im- 
portance of using the proper welding proc- 
ess for both the best results and economy 
were emphasized 


Pittsburgh 


The monthly dinner meeting was held 
on March 16th at Mellon Institute 
Dinner was enjoved in the Hunt Room of 
the Hotel Webster Hall. Rodger J 
Metzler, Development Engineer, Handy 
& Harman, New York, presented an 
excellent address on ‘Low-Temperature 
Silver Alloy Brazing.” An educational 
film on Silver Alloy Brazing was shown in 
conjunction with the paper. This was 
very good. Over 80 members and guests 
were present despite the unfavorable 


weather 


Puget Sound 


The regular dinner meeting of the 
Puget Sound Section was held on March 
23rd at the Hotel Gowman De Witt © 
Smith, Chief Metallurgist, Electrode Divi- 
sion, Harnisehteger Milwaukee, 
New Techniques in Welding.” 


Corp., 
spoke on 
Mr. Smith gave some very interesting 
facts regarding Inert-Gas Process and the 
Low-Hydrogen Eleetrodes. Both 
well presented and held 
group. A number 
answered and good 


use of 
subjects were 
much interest for 
of questions Wwere 
discussion resulted 

\ short picture by General Eleet ric 
on Jet Propulsion was shown 


St. Louis 


fegular monthly dinner meeting was 
held on Friday, February lith, the 
Forest Park Hotel Ballroom 
lene Cutting, Seope, Methods and Equip- 
ment’ was the subject presented by R. F 
Helmkamp of the Air Reduction Sales 
Co., Machine Gas Division. 
Fifty-eight members and guests were pres- 
all participated in the diseus- 


Oxvacety- 


Cutting 


ent and 
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sion. Two series of colored slides were 
shown. Mr. Helmkamp’s talk was very 
well received. Mr. Helmkamp has had a 
wide experience in all phases of the sub- 
ject. 

The March meeting was held on the 
llth in the Forest Park Hotel Ballroom. 
William J. Phillips, Director, Production 
Development Dept., Steel Founders So- 
ciety of America, spoke on “The Produe- 
tion of High Quality, Low Cost Parts for 
Industry.” Lots of interest was shown 


in Mr. Phillips’ talk and slides. 


San Francisco 


March 21st meeting of the San Fran- 
cisco Section was held in the Engineers 
Club. D. C. Smith, Chief Metallurgist 
Electrode Division, Harnischfeger Corp., 
Milwaukee, was the speaker. His subject 
was “Welding —-New Techniques.” Fif- 
tv-nine members and guests were present. 

Outlining new techniques in welding, 
Mr. Smith told the group the improvement 
of both machines and electrodes for elec- 
tric are welding during the first World 
War gave the first real impetus to struc- 
tural welding. This new technique has 
made it possible to make weldments satis- 
factorily without a preheat, which a few 
vears ago was considered impossible 
Mr. Smith also stated that very high- 
tensile electrodes capable of making welds 
in heavy structure of high-tensile steels 
without a preheat are showing promising 
results 


South Texas 


Roger J. Metzler of Handy & Harman, 
New York, was the guest speaker at the 
February dinner meeting held in 
Ben Milam Hotel, Houston Tex. Mr 
Metzler presented a clear-cut, interesting 
paper on “Design for Silver Alloy Braz- 
ing.” A film on Silver Alloy Brazing was 
alse shown 

A motion was made and unanimously 
earried, that a committee of three be 


appointed to assist the City of Houston 


in revising the citv building codes; and 
that this committee reeommend to the 
city the adoption of the A.W.S, standards 

\. Kk. Wisler, Chairman of the Seetion, 
duly appointed W H. Greer, P. D. Mor- 
gan and S.C. Hamilton as members of this 
coTnmittee 

The Mareh Lith dinner meeting was 
also held at the Ben Milam Hotel, Hous- 
B. Voldrich of Battelle Memorial 
Institute, Columbus, Ohio, 
Welding Metallurgy 


ton 
spoke on 


Toledo 


The regular Toledo 
Section was held on March Oth in’ the 
Commodore Perry Hotel and was indeed 


meeting of the 


very enlightening 

The distinguished guest speaker, Prof 
Wendell F. Hess, Head, Department 0 
Metallurgical Engineering, Rensselaer 
Polytechnic Institute, Troy, N. Y., and a 
former president of the A. WLS... spoke 
about “What Welding Research Can Do 
for Industry.” 

He called research the life blood of any 
organization and “we should all know that 


Section Activities 


these words are very true, for it is because 
of this research that today we can make 
sound welds on almost any metal.” 
It has helped develop special processes, 
which are now everyday jobs. 

Prof. Hess used slides to show the setup 
of welding research equipment at R.P.I. 
Other slides gave the results obtained 
from tests in the form of tables and graphs 
Equally important was his translations 
by explanation in understandable English 
of this collection of technical data 

The “Are Welding Conference” held on 
March 22 24, sponsored by the Toledo 
Section, proved apparently to be success- 
ful. The average attendance of each 
evening Was approximately 100, which was 
more than expected. R. H. Davies, the 
speaker, very ably brought out the short- 
comings and the more correct ways of 
modern design for welding in most of its 


phases. 


Washington 


The Washington Section held its March 
dinner meeting on the 20th at O' Donnell’s 
Restaurant, Washington, D »: The 
meeting was held in the Pepeo Audito- 
rium. A. N. Kugler and BE. H 
the Air Reduction Sales Co. were the 
Their subject “Developments 


toper of 


speakers 
in Inert-Gas Are Welding” gave a deserip- 
tion of the Aireo Heliwelding and Air- 


comatic Processes 


Western Massachusetts 


On Tuesday, Mareh 15th, at the Shera- 
ton Hotel in Springtield, about 17 members 
and guests met for a round-table dis- 
cussion of welding problems. The con- 
ference was chairmanned — by toger 
Tuthill of the General Eleetric Co., and 


chairman of the Seetion. Among the 


problems discussed were the welding of 
white metals, tor which it Was recom- 
mended that a slightly reducing gas flame 
be used alter grinding off all plating The 
cleaning of stainless welds to produce a 
bright, high quelitv surface was 
raised during the meeting. Mechanical 
methods such us sandblasting « wire 
brushing seemed to produce the best 
results on large Items of equipment Wits 
pointed out. Developments in shielding 
of high-frequeney inert-are welding were 
mentioned, along with relationships with 
the Federal Communications Commission 
which has assigned certain frequencies tor 
the use of the welding trades 


Wichita 


The Wichita Section held its March 
meeting on the Mth at the Broadview 
Hotel. Guest speaker was P. J. Patton, 
fegional Supervisor, Welding and Assem- 
bly Positioning Equipment Division 
Worthington Pump & Machinery Corp., 
Dunellen, N.J. Mr. Patton's subject 
was “Adaptation and Use of Positioners 


in Welding.” 


Worcester 


Merits and limitations of structural 
welding, as compared to riveting, were 
analyzed by Frederick H. Dill of Ameri- 
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Pays for Itself 
in Power Savings! 


SMITHway AC WELDER 


A SMITHway AC Welder installation 
will more than pay for itself in one 
year—on the basis of a 2-shift opera- 
tion—in power savings alone. Im- 
proved efficiency under load, plus 
elimination of idle-time power costs, 
results in cost savings you can no 
longer afford to overlook. Send the 
coupon for all the facts, now! 


GENERAL~ PURPOSE, HEAVY - DUTY, 
AND UTILITY MODELS 


SMITHway Stainless Electrodes pro- 
duce sound, X-ray quality welds, all 
positions, any current. No undercut 
at edge of the weld, no porosity after 
grinding. 

These shielded-arc electrodes, cer- 
tified for uniform quality and char- 
acteristics, were specially developed 
for better welding of stainless steel 
and stainless alloys. Users gain maxi- 


mum flexibility of application, plus 
the economy oOo: a minimum assort- 
ment of stocks to meet specific uses 
and current requirements. 

Like all SMITHway Electrodes— 
made by the originators of modern 
heavy-coated electrodes and modern 
welding techniques—they cat weld- 
ing costs. 


Send the coupon today. 


Made BY Welders...FOR Welders 


Corporation 


New York 17 Atlanta 3 * Chicago 4 


Houston 2 * Seattle 1 * Los Angeles 14 


International Division: Milwaukee 1 


FREE ELECTRODE CATALOG 


A. ©. SMITH Corp., Dept. WJ-549, Milwaukee 1, Wis. 


Without obligation, send us, free: 


SMITHway Electrode Catalog 


Street City 


SMITHwoy AC Welder Bulletins 


SMITHwoy AC Power Savings 
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ean Bridge Co., 


held on March 


Hotel. 


Ambridge, 


Pa., at a 
dinner meeting of the Worcester Section 
28th in the 


Coronado had become 


basis for state 


Mr. Dill said that welding codes of 
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Man’s Servant,” 


a color sound- 
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American Steel and Wire Co., 
shown and enjoyed. 
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Sponsored by the American Welding Society and American Institute of Electrical Engineers 
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American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to The Welding Journal, May. 1949 


Evaluation of Effect of Residual Stresses 


® Welded test plates, approximately 3 feet square with reproducible defects 
such as notches, were tested in the as-welded state and with low-temperature 
stress relieving and with furnace stress relieving by bending at different tem- 


peratures. 


Low temperature stress-relieving or furnace stress relieving of 


welded structures gives considerable assurance against premature failure 


by T. W. Greene 


Abstract 


In this investigation, an attempt was 
made to evaluate the effect of residual 
stresses upon the mechanical properties 
of welded plates. In order that the weld- 
ing conditions and the resultant stresses 
might be nearly comparable to field con- 
ditions, relatively wide weldments (ap- 
proximately 3 ft. square) were used. Dur- 
ing welding, reproducible defects, such as 
notches and triaxial stress raisers, were 
included in the welds. In a few pre- 
liminary tests, cracks with carefully con- 
trolled dimensions were purposely mad+ 
at weld intersections. When these weld- 
ments were tested in the as-welded state 
by bending at —20° F., they developed 
fractures at 3000 to 10,000 psi Plates 
that were stress relieved by the low tem- 
perature method at 350° F. or furnace- 
treated at 1200° F. all sustained loads 
well above the yield point of the material 

In a more comprehensiv e series of tests, 
a large number of bend tests were made at 
various temperatures from —60 to +40 
F. All specimens were 3 ft. wide and cut 
from one large plate. These plates con- 
tained a longitudinal weld with a repro- 
ducible transverse defect (a saw-cut notch 
made with a small jeweler’s saw). On 
testing, certain of these plates showed 
transverse bead cracks. When the plates 
were tested in the as-welded condition at 
low atmospheric temperatures (—20 to 
+20° F.), they failed in a brittle manner 
with little or no deflection under bending 
stresses from 0 to less than 17,000 psi 
T. W. Greene ix a Welding Engineer with The 
Linde Air Products Co., New York, N.Y 
This paper was presented at the Twenty-Nintt 


Annual Meeting, A.W.S., Philadelphia, Pa.. week 
of Oct, 24, 1948 
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The zero load is indicated by one plate 
that cracked as it was being cooled for 
testing 

The plates in the as-welded condition 
sustained bending loads above the yield 
point only if the temperature was above 
+40° F. In contrast, plates that had 
been stress relieved by the low-tempera- 
ture method or in the furnace, sustained 
loads well above the yield point even at 
temperatures as low as —60° F. The 
transition or embrittlement temperature 
in these plates as indicated by load carry- 
ing capacity and deflection was improved, 
that is, lowered more than 100° F. (from 
+40 to —60° F.), by stress relieving 

The data presented indicates that either 
low-temperature stress relieving or fur- 
nace stress relieving of welded structures 
gives considerable assurance against pre- 
mature failure. 


INTRODUCTION 
ALUATING the effect of 


residual 
welding stresses on the service pertorm- 
ance of a structure is admittedly 
difficult and many Investigations have led 
Large 
numbers of statie tests of welded structures 


to controversial interpretations. 


have been made with the object of deter- 
mining the conditions under which residual 
stresses may contribute to fracture. Some 
of these would seem to justify the opinion 
held by many that residual stresses have 
little or no influence Nevertheless, many 
fractures have occurred in practice during 
the welding of engineering structures that 
could only be explained by assuming that 
residual welding stresses contributed to 
the failure 

There seem to be some fundamental 
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reasons Why numerous investigations have 
not been more fruitful in correlating labora- 
tory results with known field conditions 
and service experience. One characteris- 
tic reason is the small size of the specimens 
used in laboratory tests. We cannot ex- 
pect residual stresses to be present to any 
appreciable extent in the small specimens 
prepared for the reduced tensile, impact, 
or slow bend tests or in test weldments 
which are frequently 4 to 6 in. wi 

Another reason is that many te s have 
carried stresses above the yield point thus 
eliminating the effect of residual stresses 
A few investigations will be mentioned in 
an attempt to illustrate these and other 
features without any intent of criticism of 
the investigations 

Prof. Wilson and Chao-Chien Hao! re 
port tensile tests on specimens that are 40 
in. wide by 15 ft. overall as shown in Fig. 1. 
Tests were made of prime plate and of 
plates with longitudinal welds made by 
the Unionmelt process and by metal are 
welding. Specimens were tested in both 
the as-welded condition and after low 
temperature stress relieving. All samples 
were taken from the same heat of steel. 
These specimens were wide enough to 
demonstrate the effect of residual Stresses, 
but no differences in fracture strength were 
found. However, it should be noted, that 
the welds were free from defects (as shown 
by perfect X-rays) and the method of test- 
ing itself obliterated any effect of residual 
stresses, since it carried the stresses above 


the yield point 


Fig. 1 Tension tests of W-in. wide, 
ein. thick prime plate and longi- 
tudinal welded specimens as-t 
and low-temperature stress reli 
ill welds \-rayved, from W. M. Wilson 
and Chao-Chien Hao 


One of the main problems in laboratory 
testing has been the extreme difficulty of 
isolating the effect of residual stresses 
from other metallurgical factors. Ken- 
nedy? in a series of tests to investigate 
“Some Causes of Brittle Failure in Welded 
Mild Steel Structures,” made notehes in 
the welds and weld beads with a! yin 
Most of the bend 


test specimens were only 4 in. wide and the 


wide milling cutter 


results did not seem to indicate too much 
influence of residual stress although the 
effeets of other metallurgical factors were 
clearly demonstrated. The narrow speci- 
mens were stress relieved by stretching 
them 2 (well above the elastic limit) 
which probably caused some metallurgical 
damage. Wider specimens which were 
thermal stress relieved by heating the plate 
on both sides of the weld, seemed to give 
better results. Kennedy, however, was 
able to demonstrate clearly by laboratory 
experiments that a reaetion or assembly 
stress, set up by welding, in a structure of 
mild steel plate, ean actually cause frae- 
ture to oecur. 

Flanigan’ in his investigation of the 
ductility of are welds conducted a large 
number of bend testsat —40° FF. He used 
specimens 6 in, wide having a bead deposit, 
which was transversely notched, with a 


U-shaped noteh having radius of in. 


As a part of his investigation he tested 
mechanically stress-relieved specimens in 
an attempt to determine the effect of 
These exhibited very 
low duetility as shown by the small angle 


residual stresses, 
otbend. Again, these specimens were pre- 
strained or stretched 2'/.% to relieve 
He points out the metallurgical 
damage that such plastic straining may do 


Stresses, 


to some steels 

There is little published information on 
the effect of residual stresses on fatigue 
strength. However, one very interesting 
article was recently published on this sub- 
jeet by L. D. Hall and E. R. Parker.* 
They made fatigue tests on specimens * , 
in. thick by 4 in. wide with a welding bead 
Half of the 
residual 


on each side ground flush. 
specimens — contained welding 
stresses and half were free of stresses 
This phase of the investigation indicated 
that residual welding stresses had no effect. 
The tatigue limit of both types (stressed 
and stress relieved) was 15,000 psi. com- 
pared with approximately 25,000 psi. for 
the base metal. Here again the residual 
welding stresses were removed by stretch- 
ing 1° which might have some bearing on 
the results. In the second phase of the 
investigation, Hall and Parker conducted 
fatigue tests of unwelded notched plates 
Again, half of the specimens contained 
residual stresses and half were stress free 
The residual tension stresses of undeter- 
mined magnitude were induced by heating 
the edges of the plate to 500° F. The 
nominal fatigue limit of the notched speci- 
mens was reduced from about 12,700 to 
(400 psi. by the residual stresses (a redue- 
tion of about one-half) 

It has been shown that many of the 
structural failures that have occurred in 


construction or service have been caused 
by stress concentrations or stress raisers 
resulting from design or geometry or from 
notches, many of which are in the nature 
of weld defects. Design failures can and 
must be corrected; notches and defects 
can be minimized by knowledge and vigil- 
ence. To produce stress raisers many 
investigators have used artificial notches 
Due to the 
obvious difficulty of producing notches 


such as saw cuts and the like 


internally, such notches have generally 
been made on the surface. In order to 
evaluate the effect of residual welding 
stresses, the notch or defect should be 
internal if possible and should preferably 
be incorporated in the weld and subjected 
to the same evele of straining as the weld 
Naturally, these 
conditions will not be met if the test defeet 


and adjacent metal 
is produced after the weld is made If 
possible, the defects hould also be suffi- 
ciently severe to produce failure below the 
elastic limit under applied loads at normal 
atmospheric temperature, otherwise the 
effeet of residual stresses may be obliter 
ated. 

In this diseussion it is not intended to 
imply that all residual stresses are harm- 
ful. They seem to have no influence in 
many engineering structures, as, for ex- 
ample, rolled structural shapes. If used 
wisely, they may be of great benefit: in 
prolonging the life and improving the 
service of many engineering structures 
Examples of useful stresses are the shot 
peening of Known points of stress concen- 
tration on the surface to put the area under 
residual compression, the rolling-in of 
boiler tubes and heat exchanger tubes, and 
the autofrettage of guns and thick wall 
containers where the internal fibers which 


Low-temperature stress-relieving deck welds of 1-2 tanker 
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Typical residual stresses after low-temperature stress relieving compared 


with as-welded stresses 


are subjected to the highest stress from 


internal pressure are purposely put under 


initial residual compression 


Low-Temperature Stress Relieving 


Two methods of stress relieving were 
used in this investigation. One was the 
common method of furnace stress reliev- 
Wiggin which the whole weldment was he ut 
treated to 1200° F. for 1 hr 


alters the metallurgical structure and 


This method 


materially improves the weldment. The 
other method used was that known as low- 
temperature stress relieving’ which has 
heen used during the last three years on 
TI tankers, penstocks, large field-ereeted 
tanks® and pressure vessels all structures 
that cannot be put into a furnace Low- 
temperature stress relieving consists of 
progressively heating bands on each side 
of the weld to about 350° I 
wide oxvacet viene torches are used lor 
this work 


Six-inch 


The heating torches are fol- 
lowed by air-water cooling applied about 
6 in. behind the mivancing flames The 
speed of application or travel of the ma- 
chine is determined by the thickness of 


Figure 2 shows the 


the welded plate 
low-temperature stress relieving of the 
welds on the deck of a T-2 tanker Figure 
% shows the typical residual stresses after 
treatment in comparison with the as- 
welded residual stresses of a */y-in. butt 
weld. For further information and details 
about this method, reference should be 
made to the papers and publications listed 
in the bibliography 


PRELIMINARY TESTS 


Intersecting Welds with Reproducible 
Defects 


The purpose of the preliminary test was 
to set up a reproducible defect in the form 
of a erack which is transverse to the high 
longitudinal residual stresses of a weld. 
Such reproducible, 


purposely made, 


defect can readily be incorporated at a 
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weld intersection. See the sketch in Fig 
6. Test plates in. thick with intersect- 
ing transverse and longitudinal butt welds 
were made by welding four equal plate 
sections (beveled to 70° included angle) to 
produce a plate weldment approximately 
36 in. wide by 30 in. long with the longi- 
tudinal weld running the length of the 30 
in. side. The four beveled plates were 
SSE mike d and tacked near the ends ot the 
seams 2 in 


posited in the transverse seam at the inter- 


long was then de- 


section with the longitudinal seam. This 
tack was purposely cracked by vibrating 


he assembly during deposition. This 


transverse crack was made °/j6 In deep 
and 2 in. long by making two welding 
passes in the above described manner 
Where necessary, chipping and grinding 
were done to maintain these dimensions 
Figure 4 shows this reproducible crack in a 
close-up view of a fractured test plate 
After the defect was made, the remain- 
ing portions of the transverse weld were 
finished before starting the longitudinal 
weld. In making the transverse weld, 
care was taken to leave the intersection ot 
this weld with the longitudinal weld un- 
welded ¢ xcept for the original -in. dee p 
cracked tack. The longitudinal 30-in. 
long joint was welded last Both welds 
were finished with '/,-in. diameter heavy 
A.W.S. welding 


electrodes following the rool with 


mineral coated 


-in. rod 

In regard to the residual stresses at the 
intersection of welds in test plates of this 
type, it is important to note that published 
data®:* show that the longitudinal and 
transverse residual stresses in the last 
weld made at intersecting butt welds are 
approximately equivalent to the residual 
stresses which might be developed In a 
single butt weld 

\ total of six test assemblies of the type 
deseribed were prepared by the same 
welder All assemblies were made from 
the same plate material to eliminate any 
possible effect of variations in the plate 
composition. Two plates were tested as- 
welded, two after being low-temperature 
stress relieved, and two after being furnace 
stress relieved, The plates which were 


low-temperature stress relic ved were treated 


Photograph of */\«-in. deep by 2-in. long weld crack defect at inters 
butt welds in preliminary bend tests 
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Table 1—Bend Test of Intersecting Welds with Defects Crack ° x 2 In. Long 
at Intersection Weldment 30 x 36 In. Wide, Tested 23-In. Span at —20° F. 
Bending stress 
at fracture or 

maximum load, 


Test Elastic Deflection at 


martmum 


Fig.5 Bend test of large, 36-in. wide, 

welded plate specimens with repro- 

ducible weld defects at center of span. 
Test span 23 in. 


at a speed of 16.5 in. per minute in aceord- 
ance with the preseribed procedure for 
this method of stress relieving. The fur- 
nace stress-relieved weldments were heated 
to 1200° F. for 1 hr. and allowed to cool 
slowly within the furnace to 400° F. before 
removal 

All six test assemblies were subjected to 
bending tests while maintained at —20° F. 
They were loaded as a simple flat beam 
with 23-in. span. The span was limited to 
23-in. because of the physical limitations 
of the available testing equipment (a 
120,000-lb.  Baldwin-Southwark testing 
machine). A seal bead was applied to the 
bottom side of all welds and then the trans- 
verse welds in all test plates were ground 
flat on both sides to maintain full plate 
thickness through the weld. This grind- 
ing Was necessary since the maximum bend 
ing moment was located at this weld and 
since further development of the trans- 
verse crack was expected in the diree ion 
of this weld. The longitudinal weld was 
also ground flat with the plate, but only 
for about 6 in. on each side of its inter- 
section with the transverse weld. 

The simulated transverse crack was set 
at the mid-point of the 23-in. span with 
the erack running parallel with the sup- 


ports. In this arrangement, the bending 


Fracture through large, \«-in. deep, jeweler’s saw-cut defect. 


plate limit, 
Vo. psi. psi. 


load, in. Remarks 


As-welded 


10,000 
3,300 


0.05 Cracked 6 in 
0 02 Cracked 6 in. 


Low-temperature stress relieved 


58,000 
55,000 


82,000 
68,200 


3A 49,000 
3B 55,000 


70,000 * 
83,000 * 


Furnace stress relieved (1200° F. 


0.75 Cracked across 
0.31 Cracked 12 in 


No failure 
No failure 


*Computed stress at maximum applied load, test discontinued because of deflection 


limitations. 


OF EXTREME FIBER IN MID SPAN 


STRESS 


TEST PLATE NO IA (AS WELDED) 
MODULUS OF RUPTURE - 10000 PS | 


Vv STRESS WELIEV 


ST PLATE NO 3A (FURNACE STRESS RELIEVED AT 2 


1 CALCULATED STRESS OF 70000 PS 


WITHOUT FRILURE 


COMPUTE 


20 30 40 50 


Fig.6 Typical load-deflection curves of bend test at —20° F. of intersecting welds 
with reproducible defects 


stresses were parallel with and additive to 
the maximum longitudinal residual stresses 
acting across the transverse crack. The 
test plates were loaded with the root of the 
weld on the bottom of the plate. The 
bending load was applied as a uniformly 
distributed load across the 36 in. width of 
plate by means of a transverse loading 
beam at the mid-point of the span. The 
test setup is shown in Fig. 5. 

The plates were cooled uniformly to the 
testing temperature of —20° F. before the 
initial load was applied and maintained at 
that temperature during the test. Both 
contact) pyrometers and thermocouples 
were used constantly to be sure that the 
temperature remained at this value. The 


Note: 
ing, also back seal weld 
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deflection of the plate under load was 
measured between the plate and the bot- 
tom platens of the hydraulic testing ma- 
chine. 


Test Results of Intersecting B elds 


Bend tests of as-welded—low-tempera- 
ture stress-relieved furnace stress- 
relieved plates, all ef which contained an 
intersecting weld with a reproducible 
defect, were carried out at —20° F. The 
results are given in Table 1 and typical 
load deflection curves of Plates 1A, 2A and 
3A are shown in Fig. 6. The bending 
stresses or extreme fiber stresses were com- 
puted by the standard beam formula 


First and second bead cracked during weld- 
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MADEINUSA Carbon, % 0.24 


Manganese, “ 0.51 
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Sulphur, % 0.028 
Chromium, “7. 0.084 
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Fig. 8 


Fracture through small, */\:-in. deep, jeweler’s saw-cut defect. 
First bead cracked during welding, back seal bead not cracked ever, it was felt that any variation In pro- 
cedure might produce undesirable warpage. 


s = M/(1/c) where M is the moment (a scientific investigation of the evaluation Our main concern was that we were test- 
function of the load and span) and J /<« of the effect of residual stresses, It was ing weld metal only temember that 
. « the section modulus. This formula does difficult to prepare the specimens so that the cracked tack */, in. deep by 2 in. long 
not give the true extreme fiber stresses for they would be flat when completed. became a part of the transverse weld. As 
loads producing stresses above the elastic Fortunately, we were surprisingly success- was expected, the failure did initiate and 
limit but it is proportional to the load and ful in producing a flat weldment. How- propagate through and along this trans- 
- comparable for test plates of the same size 
The results of these preliminary tests 
are of pointed interest. The weldments in Table 3—Results of Tensile Tests, 0.505-In. Specimens 
the as-welded state failed in a brittle man- Yield Tensile Per cent Per cent 
ner at surprisingly low stress values of strength, strength, elongation reduction 
3000 to 10,000 psi. and with little or no psi pst in <n oJ area 
deformation. The stress-relieved plates Longitudinal to rolling direction 40,000 Oy 37.0 61.6 
sustained loads far above the yield point oe ‘ 5,500 65,500 37 9 62 , 
rransverse to rolling direction 36,500 66,000 33.5 51.4 
with considerable deflection, with the low- 36,500 66,000 34.0 54.4 
temperature stress-relieved plates failing | 
at 68,000 to 82,000 psi. bending stress 
The furnace stress-relieved plates did not 
fail in these tests due to the deflection Table 4—Results of Charpy Impact Tests 
limitation of the testing equipment. The Temp. of Energy absorbed, ft.-lb. 
yreater deflection of the furnace stress- testing, °C Longitudinal Transverse 
relieved plates in attributable to the Charpy Vee Notch 
metallurgical improvement produced by 10 ( 104° F 41,40 39, 37 
this treatment which is well known to 25 77° &. 33,18 24 
decrease the elastic limit and vield point 0( 32°F.) 7 7 
and improve the duetility 20 1 F 4 
-40 (—40° I 3 
MAIN INVESTIGATION OF WELDS Charpy Keyhole Notch ; 
The preliminary tests, although informa- ( —4 
tive, involved several features that were =—40 (—40° F 


undesirable from the standpoint of 


verse weld although the crack sometimes 


| T T ] ] Longitudinal To Rolling Direction 
| @ Transverse To Rolling Owection deviated out into the base metal, as noted 
| | | | | | In a few ol the tests. The test therefore 
+ 4 —+ + ; + + + t t was fundamentally a test of weld metal 
| and not a combination of weld and_base 
] | i | | | | ] | | | | plate as desired. 


\ weld is a complex structure in which 


| the metal is heated to various tempera- 
. 2 f tures and then cooled. The temperature 
i varies from that of molten metal to that of 
nig | the initial temperature of the plate. 
> Messrs. Stout and MecGeady* in their 
E noteworthy investigation of the embrittle- 
eo ment of welded plates have shown that 
L under external loading, cracking originates 
in the intergranular structure of the coarse 
10! grains in the weld-heated zone just under 


the fusion line of the weld. Bend speci- 


mens 3 in. wide were prepared with a bead 


40 40 40, deposited on the surface and then notched 
subjected to various degrees of bending 

Fig.9 Charpy impact test results of plate material they were etched and the cracks were re- 
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JEWELERS SAW CUT 


BEADS MAY OR MAY NOT 
BE CRACKED 


LARGE DEFECTS — 


ry Cc BEADS MAY OR MAY NOT 
3 BE CRACKED 
aS 


O—SMALL DEFECTS. — 


= 
fFECTS 


TEMPERATL 


10°) Load carrying capacity in bending at various testing temperatures of 


welded plates with je 


vealed These intergranular eracks ap 
peared long before the steel specimens used 
maximum load in) bending 
MeCendy 


tlso showed that there appeared to be 


reach their 


The Stout and investigations 
impairment in the heated-zone structure 
loeated beyond the coarse grains, beenuse 
the resistance to propagation of the crack 
in the weld zone is strongly and adversely 
affected by the notch sensitivity of that 
steel structure which is heated within the 
eritieal range of the steel. Investigations 
by Messrs MaeCiregor® 


seem to indicate that there is also some 


Grossman and 


impairment of the base metal well beyond 
the heat-affected zone, at least to the ex- 
tent of raising the transition or embrittle- 
ment temperature of the base metal. 

It seemed very desirable to develop a 
test specimen that would not be com- 
plicated by a transverse weld and would 
encompass all these critical zones 


Development of Notch or Stress Raiser 


Several attempts were made to develop a 


suitable reproducible notch or stress 
raiser in a longitudinal weld before a satis- 
factory notch was developed. It > was 
recalled that during the war in severe cold 
weather, quite a few transverse cracks 
found in plate weldments in the shipyards 
seemed to initiate from the sharp circular 
indentation left by plate lifting clamps 
when subsequent trimming of the plates 
happened to bring these indentations at 
edges that were butt welded. These sharp 
Stress 


indentations acted as notches or 


raisers transverse to the longitudinal 


stresses in the weld. A jeweler’s saw-cut 
was therefore tried in the bottom half of 
the beveled edge of a longitudinal butt 
weld as shown in Fig. 7, in an attempt to 
duplicate these fabrication failures. The 
first tests were made using a jeweler’s 
saw-cut 7/\5 in. deep by 7/\» in. wide, back 
from the root face of the bevel. Later, 


vler’s saw-cut defect 


tests were made with the jeweler ssuw-cut 
reduced to only in depth (Fig. 8) 
Within these limits, the size of the eut did 
not seem to make much difference in the 
test results A noteh only '/, in deep 
was tried without suecess in an attempt to 
break weldments at atmospheric tempera- 
ture below the vield point,but this was not 
thoroughly explored. In a bend test it is 


desirable to loeate the noteh or stress 


raiser as near as possible to the surface on 
the tension side of the plate where the 
bending highest. 


imposed stresses are 


However such a noteh or stress raiser 


minimizes the possibility of setting up 
triaxial restraint with a stress raising 
component in the third dimension, that is, 
in the direction of thickness. 


The 


be surprisingly severe. 


and 7 notehes proved to 
It was found after 
the specimens were tested that there had 
been transverse cracking of some of the 
beads, although no eracking was observed 
during the deposition and cooling of a bead 
Each bead was wire brushed ard 
cases with 


ke posit 
earefully examined, in many 
magnetic powder, but no transverse eracks 
were found in any beads. It was evident 


that these transverse bead cracks had 


Fig. 11) Fracture 7 i 
at- 
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long in as-welded test plate at zero load. 
° F. while warming up to —20° F. for test 


been produced by the stresses and strains 
of subsequent beads. In a few cases the 
back seal bead was found cracked after it 
was ground flush with the plate and tested 
with magnetic powder although no crack 
was noted when this bead was made. It 
did not appear that these transverse bead 
eracks had too much effeet on the test re- 
sults but they may have contributed to the 
seatter of results, particularly in the amount 
of deflection sustained by the plates befor: 
failure. All test plates were fractured and 
the extent of the cracked beads carefully 


noted and reported the data. Sec 


Figs. 7 and 8 for typical fractures 


BASE METAL FOR LARGE PLATE 
WELDMENT 


Some 26 large plate weldments approxi- 
mately 36 in, wide by 30 in. long, having a 
with reproducible 


longitudinal weld 


transverse saw-cut defect, were tested by 


bending. All were taken from the same 


ein. thick large plate. Chemical analy 
sis of the plate material is reeorded in 
Table 2 and the physical properties in 
Tables 3.and 4 
including both 
Charpy kevhole notch recorded in Table 4 


The Charpy impact tests 
Charpy vee noteh and 
are shown plotted in Fig. 

The composition of this plate indicates 
that the steel was semikilled and more or 
less typical of low-carbon structural steel 
used in ship and bridge construction. A 
deep-etch test on a small seetion of the 
plate gave further evidence that the steel 
was semikilled Th deep-etch test also 
indicated the direction of rolling 

The slow 


wide specimens with a welding bead de- 


bend tests of notched 3-in 


posited on the surface, which will be dis- 
cussed later in detail, indicate the follow- 
ing embrittling temperatures. These are 
based on 1% lateral contraction (0.03 in 
for 3-in. wide slow bend specimens but the 
criteria of the angle of bend indicates 
practically the same embrittling tempera- 


tures: 
Prime plate, 
as-rolled Lower than 70° ¢ 
(approximately 
or 
—112° F 


Plate broke 
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Table 5—Bend Vest at Various Temperatures of Large Longitudinal Welded Plates with Reproducible Defects 


Temperature Specimen 
of test, 


I 


HAHA St 


Initial I 
Computed 


bending 


Weld Bead Cracks 

Depth saw 
cul, Ist 
n Bead Bead 


As-welded 


Seal bead 
side 


under stress, ps 


Low-temperature stress relieved 
Yes No 
Yes 


500 325 Complete 
600 2: ( 
5,000 Complete 
TOO 2 16 

S00 21 

000 

700 

800 


mplete 


7,000 


66,000 
SS 000 
69 000 
76.700 


Yes 60,500 


ailable at 


* Note 


on 23-in 


Initial test 
span 


As-welded 
Welded and fur- 
nace stress re- 


lieved 


From these data it appears, as found by 


other investigators, that most steels have 
their embrittlement temperature raised by 
furnace stress-re 


welding. Furthermore 


lieving treatment at 1200° F. greatly bene- 
fits the welded specimens and lowers the 
embrittling temperature nearly to that of 


the prime plate 


WELDING AND TESTING OF 
LARGE PLATE WELDMENTS 


All the large plate weldments containing 
the defect 
welded by the same welder using A.W.S 
exercised to standardize the procedure ot 


reproducible —saw-cut were 


welding electrodes. Care was 


welding. The weldments were allowed to 
cool to room temperature (70 to 80° I 

after each pass All passes were started 
at one end of the seam and eontinued to 
the It is well known that preheat 
ing effect. With 


weldments the heat of welding itself pro 


other 
has a beneficial small 
duce s some preheating and this one factor 
when not controlled has vitiated the re 
The 
therefore represented 


In field 


there is little preheating from the welding 


sults of many investigations proc 
field 


welds 


dure used 


conditions making long 


welding must be stopped for 


shifts, 


itself and 


change in inclement weather or 


other causes 
The welded plates were tested by bend- 
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Newark Laboratory ill other tests made from one large bend tests mace 


Various the est plat subjected to 

+40 
as-welded 
stress relieving and some after furnace 


taken to keep 


testing temperatures trom All 
bending tests as a simple flat beam on 23- 


Some of the plates were ! 
120,000-1b 


saldwin-South- 
Phe 


test plates was ground flat on 


inh 
wark 


wel 


some after low span in a 


tempera- 


testing machine longitudinal 


ill 
both sides 


ture 


stress relieving. Care i in 


the 
during the 


is 


constant and uniform it back seal bead was applied 


te rature 


bottom side of all welds) to main- 


the 


weld at 


bend test Checks were made to the 


-in. plate thickness through 
the The 


eweler’s saw cut Was set at the mid- 


tain 
the 


it various points with both contact) py- 


rometers and thermocouples. Powdered mid-span trans- 


Verse 


drv iee was used as the cooling medium 
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Fig. 13 Bend test welded plates with saw-cut defect: 


point of the 23-in. span with the simulated 
defect running parallel with the supports. 
In this arrangement, the applied bending 
stresses were parallel with and additive to 
the maximam longitudinal residual weld- 
ing stresses and at right angles across the 
simulated defect. The test setup is shown 
in Fig. 5. 


DISCUSSION OF RESULTS OF 
BEND TEST OF WELDS WITH 
REPRODUCIBLE DEFECTS 

The results of all the bend tests of large 
weldments as-welded, low-temperature 
stress relieved and furnace stress relieved 
tested at various temperatures, are given 
in Table 5 and shown plotted in Figs. 10, 
12 and 13. The test results are surpris- 
informative. All the 
low 


temperatures (—20 to +20 


ingly as-welded 
atmospheric 
F.) failed at 


very low stress values of 0 to 17,000 psi. 


specimens tested at 


These plates failed in a very brittle manner 
with littl or no deflection. In tact, one 
It was 

20 
F. but the temperature of the plate got 


specimen (1C) failed at zero load 
intended to test this specimen at 


While we were waiting 
20° F 


specimen 


down to —25° F. 
the 


before 


for steel to warm up to 
the the 


across the tension zone 


starting test, 
eracked for 7 in 
of the longitudinal residual welding stresses 
as shown in Fig. 11. This failure without 
residual 


It is believed that this 


load could be caused only by 
welding stresses 
is the first time that plate failures similar 
that 


ships, in large weldments in 


to those have occurred In welded 
merchant 
shipyards and also in large pressure ves- 
sels and tanks, have been quantitatively 
reproduced under controlled laboratory 
conditions 

It is to be noted from Table 5 and the 
Curve in Fig 
the test temperature was raised to +40 


10 that it was only when 


200-s 


tested at —60° F. 


100 


F. would the as-welded specimens sustain 
loads above the yield point of the ma- 


terial. 
weldments, 
stress relieved at 350° F. 
at 1200° F., 


whether 


relieved sustained 


In contrast, all the stress-relieved 
low-temperature 
or furnace stress 


loads 


well above the vield point otf the plate, 


36 


with considerable deflection and ductility, 
even at temperatures as low as —60° F. 
The furnace stress-relieved weldments sus- 
tained slightly higher loads and exhibited 
greater ductility as indicated by slightly 
greater deflection. The results were some- 
what with the furnace stress- 
relieved weldments this 
been due to the cracks which formed in 


scattered 
may have 
some of the weld beads adjacent to the 
saw cuts. 

This data shows that the transition or 
embrittling 
by the criteria of load carrying capacity 
and deflection, was reduced at least 100° 
F. from +40 to —60° F. 
lieving. This is in surprisingly 
agreement with the bend 
tests of the prime plate. These 
showed that after being impaired 
welding a surface bead, with resulting 


temperature, as manifested 


by stress re- 
close 
slow notch 

tests 


by 


aising of the embrittlement temperature 
—-110 to +60 
treatment 


from F., furnace stress- 
relieving the 
brittlement temperature to —60° F 


reduced em- 

Such a lowering of embrittlement tem- 
perature and improvement of mechanical 
properties by stress relieving is of utmost 
importance. When the 
temperature is high and within the range 


embrittlement 


of atmospheric temperatures, a notch or 
weld defect may lead to disaster. How- 


ever, stress relieving pushes the embrittle- 


4 slow BEND 
TEST SPECIMENS 


FLAME Cur — 


WELO 


LONG/TVOINAL 


CHARPY SPEC 


OIRECTION 
OF ROLLING 


TENSILE 


C 


TENSILE 


FLAME CUT EOGES 


FRACTURE 


REPRESENTATIVE SECTION FROM AS WELDED” WELOMENTS /AA Ano /BB 


CHARPY SPECIMENS 


FRACTURE 


REPRESENTATIVE SECTION FROM WELOMENTS 


AS WELDED 
LOW TEMPERATURE STRESS RELIEVED 


FURNACE STRESS RELIEVED 


Fig. 14 


Greene—Residual Stresses 


Slow bend and impact specimens cut from large, 36-in. wide weldments 


WELDING RESEARCH SUPPLEMENT 


| 
| | PLATES TESTED AT -60°F 
+ + + + + + + + $ 

| 
— 
a 
: 
TENSILE 
| 
— (| nie 

| 

_™ 
= 

= 
j 
: 
= 
q 
x 
: 
3 
— 


ment temperature down far below no: SLOW BENI 


mally experienced atmospheric tempera- 


All the 


with the 


ste 


tures stress-relieved weldments Four 14- by 36-in 


even those most severe notches 


Laboratories 
10- 


vere 


In 


sent te ( 
earried loads corresponding to stresses en nion ur 


well above Oo search 


the vield point even at 


Two 


temperature 
h 


to 


flar t fron 
Stress relieving practically flamecu rom en 


to minor defects 


“assul 
order 


th 


been 


sectors 
the 


which 


ance against premature brittle failure of in 
reas me veld 


had 
dicated by 


welds due Engineering 
so designed that Stress 


the 


structures generally 
will be 


the steel, and 


ure 


stresses well below elast ie wn 


limit of rarely, « at 


yeept 


stress or ol stress concen- 


do 
When 


weldments capable « 


points 
vere secured 
d, 
10-in 


tration stresses reach the elastic mens 
prepar is shown 


vere 


limit stres<-reheving treatment ‘ 
sustaining 


ld 


makes 
1 with 
0.05-in 


placed 
the plate 


loads to well above the prepares “a W 


applied 


ther 0.0 


in., the deep 


local vielding 
This 
the 


point in 
stress concentration beng transverse 


1 


ot 


ing shoul edistribute direction of 
nens were longitudina 


d 
de- 


stresses s, 


eracks 


discontinuities, and consequently welde wn au t i 
technique 


cont 


plate structures dining norn 


fects should not ta prematurely , 
pass 
sulbyye 


brittle type fractures when 
np 
operating stresses even at 


Oper 


Ireuit 


WS 


tained 


temperature 
constructive results ol 


large 


oft the 


Vie 
Phe 


] 


from tests o weldment furnace-n 


it Was el that orrelation to some 


results obtained from slow bend 


cimens being heste 


small specimens, patterned aft in 


used in) weldability tucdies 
investigators, would be desirable per hour to%650 


Plate ( As- Rolled) 
@ Long. Welded Piote( Fee. Stress Relieved) 
Long. Welded Plote (As Welded) 


Inches 


Contraction 


Loteral 


RESULTS OF SLOW BEND 
TESTS 


Testing Temoeroture 


-88,, 


Fig. 15 Lateral contraction vs. testing temperatures of 
slow bend test. Specimens 3 in. wide with longitudinal 
welded bead, transverse notch 


Greene -Residu 


May 1040 


s-welded plate that failed at 


» TEST for coolit he same 


( 


ig 
175 hour All 
bent 


radius ram 


of specimens 


el sections of the ‘<< 
low loads 


( 


in Load-deflection diagrams 
iurbon 
he 


a 


irther 


were automatically recorded during 
tor te 


h 
absorbe 

the 


I asure 


1, 


testing 


each 


the 


specimen 


sections wert 
ry ratio of 


there- 


ments of ener 
the four uger 


the 


proportional limit maximum load 


ty pe 


ninate welds 


iis 


and of fracture ng taken 
the 


ind 
d during 
th 


ZONES 


rom 


RESULTS OF SLOW BEND TESTS 


Specinens 
3 0.01 
radius notch 


rouing 


l-in 


the 
velded speci- 
bead-welded 


Prime plat 


lower than 


chine using 


As-welded 


From these data 


<tress-reheving tre 


ted the welded spe 
that 


specimens 


METALLURGICAL 
RELIEVING 


OF 
ol 


STUDY 
EFFECI 


recom STRESS 


the 


175 


tions 


{ 


Same As Figurei§ 


Lood - Degrees 


ot Mon 
3 


of Beng 


Angie 


RESULTS OF SLOW BEND 
TESTS 


Fig. 16 Angle of bend us. testing temperature of slow bend 
test. Specimens 3 in. wide with longitudinal welded bead, 
transverse notch 


Testing Temperature 


al Stresses 201-s 


I 
: 
Ing 
bend testing, as well 
Charpy Impact speci- The results of slow bend tests of 
om the sections thus notched specimens are plotted in’ Figs 
Fig. 14 15 and 16 Phe data indicate the tollow- : 
beng ing embrittling temperatures, based on 
1°) lateral contraction (0.03 in lor the 
= three types of specimens tested 
as-rolled : 
70 ( lately 
» 80° C.=—112° I 
+ 15° ( | 
Welded and furnace stress relieved ie. 
¢ 
O in. per minute 
voltage, 77-80 v it appeared that the 
E-6010 (3 in tent greatly bene 
tress-relevi 
thie 
ee tically the same as 
ee the rate of Hil Because of the beneficial effect of stress 
C.. where they were relieving, both furnace and low temper- / 
y 
0075 @ 30 + + + + + 
} 
7 4 from + 
A A 
P © je 
/ 
/ 
+ + + + A + 4 
a + + + + 4 
bd 
® 
3 
"= 


ture, an attempt was made to study the 
metallurgical effect of stress relieving. 
One-half of each of the large weldments 
low-temperature 
lieved and furnace stress relieved were 


as-welded, stress re- 
used in the preparation of Charpy impact 
various 
points within and near the weld. The 


specimens to be notched at 
locations of these Charpy specimens with 
respect to the weld are also shown in Fig. 
14. 

The special Charpy specimens (trans- 
verse to the weld and to the rolling direc- 
tion of the plate) were used for studying 
the areas within and near the welds on 
the large 
In preparing these specimens they were 


previously tested weldments. 


first shaped to the proper cross section 
and then etched to bring out the fusion 
line of the weld. The measurements 
locating the root of the vee notch were 
then made along one side of the specimens 
at the level of the root of the noteh. The 
notch was located on the face representing 
the surface of the plate which contained 
the final welding Pass. It should be noted 
that because of slight variation in the weld 
contour, the material at the root of the 
notch was probably not the same through- 
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out in all specimens. However, this con- 
dition should not detract from the results 
obtained, in view of the fact that each 
specimen still represented a certain zone 
in each of the large weldments. 


RESULTS OF CHARPY IMPACT 
TESTS OF AREAS WITHIN 
AND NEAR THE WELD 


The results obtained from tests of 
Charpy vee notch specimens in which the 
notches were placed at points within the 
weld and weld heat-affected zones of large 
weldments are shown graphically in Figs. 
17 and 18. In the graphs, each of the 
three types of weldments is represented by 
solid lines, the dotted line representing 
the amount of energy absorbed by the 
plate at the particular temperature of 
testing. 

\ study of Fig. 17, which shows the 
results of tests at +12° C. or +53° F 
(the temperature at which the plate ab- 
sorbed ft.-lb.), indicates that the 
entire heat-affected area of the as-welded 
weldment contained metal displaying a 
greater tendeney toward brittleness than 


the plate metal. However, definite im- 
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provement in the brittle behavior of the 
ved material was indicated. A 
major portion of the heat-affected area 
adjacent to the weld and the weld metal 


stress-rel 


displayed properties superior to the 
plate metal. The tests at room tempera- 
ture, shown in Fig. 18, appear to further 
demonstrate the superior behavior of the 
stress-relieved weldments. 

The results are somewhat scattered and 
the tests were limited in number so a defi- 
nite conelusion is not justified. How- 
ever, further investigation of the effect of 
stress relieving by such a study of the weld 
and adjacent areas seems highly desirable 


SUMMARY AND CONCLUSIONS 


1. Any attempt to evaluate the effect 
of residual welding stresses is admittedly 
difficult and many investigations have 
led to controversial interpretations. [tix 
believed some of the reasons why numerous 
investigations have not been more fruitful 
in correlating laboratory results with 
known field) conditions and service ex- 
perience are (a) the small laboratory 
specimens, (b) the extreme difficulty of 
isolating the effeet of residual welding 
stresses from other metallurgical factors 
and (¢) the necessity of testing sound 
welds above the vield point to produce 
tuilure at atmospheric temperatures 

2. In this investigation an attempt 
was made to evaluate the effect of residual 
stresses upon the mechanical properties 
of welded plates by using relatively wide 
square) weldments 
welding conditions and 


approximately 3. ft. 
in which the 
stresses were nearly comparable to field 
conditions, and setting up in the welds 
when made, reproducible defects — as 
notches and triaxial stress raisers In « 
few preliminary tests, cracks of controlled 
dimensions were set up at weld intersec- 
tions. Tests of these weldments In 
bending at 20° F. developed fractures 
at 3000 to 10,000 psi. when tested in the 
us-welded state. In contrast, the welded 
plate specimens that were stress relieved 
by the low temperature method at 350° 
or furnace treated at 1200° F 
loads well above the vield pout ot the 


sustained 


material. 

3 In a more comprehensive series of 
tests, a large number of bend ‘tests were 
made at various (from 
60° to +40° 


all cut from one large plate. These con- 


temperatures 
on 3 ft. wide specimens 


tained a longitudinal weld with a repro- 
ducible transverse defect, made as a small 
cut with a jewelers saw, both with or 
without) accompanying cracked beads 
The as-welded plates tested at 'ow atmos- 
pheric temperatures (—20 to +20° | 

failed in a brittle manner with little or 
no deflection, at bending stresses from 0 
to less than 17,000 psi. One specimen 
failed zero load through the residual 
tension stressed zone when inadvertently 
cooled to 25° F. It is believed this is 
the first time that failures, similar to 
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those that have oceurred in welded mer- 
chant ships and large tanks during fabrica- 
tion and service have been quantitatively 
reproduced under controlled laboratory 
conditions 

4. The results indicate that only at 
temperatures above +40° F. would the 
as-welded specimens sustain bending loads 
producing stresses above the yield point, 
whereas all the low-temperature stress 
relieved and furnace stress-relieved plates 
sustained imposed load stresses well above 
the vield point at temperatures down to at 
least 60° F. The transition or em- 
brittlement femperature in these plate 
weldments as manifested by the criteria 
of load carrying capacity and deflection 
was improved, i.e., lowered more than 
100° F. (from +40 to 60° F.), by stress 
relieving 

5. Slow bend tests, transition tem- 
perature determination and physical tests 
of the plate material are reported to per- 
mit correlation of the steel used with that 
used in other investigations. Charpy 
impact tests showed that, in the as-welded 


state areas within and near the weld were 
more brittle than the plate metal.  Defi- 
nite Improvement of the stress-relieved 
material was indicated in the weld metal, 
and a major portion of the heat-affected 
area adjacent to the weld 

6. The furnace stress-relieved plates 
were only about 10 to 15°) better than 
low-temperature stress-relieved weldments 
as measured by load carrying capacity 
and were somewhat more ductile as de- 
termined by deflection 

7. The data indicates that either low- 
temperature stress relieving or furnace 
stress relieving gives considerable assur- 


ance against premature failure 
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Discussion by 
Finn Jonassen 


The influence of internal stresses result- 
ing from the welding operation upon the 
fracture of welded structures is not known 
Recent studies bearing on the structural 
failures of welded ships have led to the 
conclusion that these stresses are not 
major factors in causing such fractures.' 

This conclusion does, however, admit of 
the possibility that under certain condi- 
tions internal or residual welding stresses 
may influence fracture. Continued in- 
terest is therefore manifested research 
investigations that bear on the subject 
particularly those presenting experimental 
information on the effeet of residual 
behavior Mi 


Greene's paper falls into this category and 


stresses oon structural 
therefore demands our serious attention, 
The low-temperature stress-relieving 
procedure involves stretching the weld 
plastically The tensile foree causing this 
plastic flow is produced by differential 
heating whereby the weld is held at about 
150° F. and the compressive zones on each 
side of the weld (see References 5 and 7 of 
» about 350° | 


While the amount of general strain neees- 


the paper) are heated 1 


sary to produce stress relief is small, the 


amount of plastic flow near the mechanical 


Finn Jonassen ix Technical Director, Commiatter 
Shy Steel 


Washington, D. ¢ 


National Research Counei 


notch (jeweler’s saweut) as used in this 
investigation may be sufficient to cause a 
significant reduction in the severity of the 
stress raiser. In addition, it is noted that 
this straining occured at a temperature 
about 150° F.) 


metal are noteh tough, iLe., 


when the steel and weld 
the material 
can flow readily without cracking and 
therefore no new notches are introduced, 
Thus the improvement resulting from the 
low-temperature — stress-relieving treat- 
ment, which the author has attributed to 
stress relief mav be due to a reduction in 
the notch acuity, thereby improving the 
low-temperature performance ot the speci- 
men 

It would be of great interest to study 
further, by means of this specimen, the 
possible effects of residual welding stresses 
on fracture when the welds are made at 
Various preheat mperatures Here 
metallurgical changes will result which will 
undoubtedly improve structural perform- 
ance relative to that of as-welded speci- 
mens. The residual stress intensity in 
specimens welded with preheat — will 
closely approach that in identical speci- 
mens but welded without preheat 
involving a 


Earlier tests specimen 


hateh corner) that had a severe noteh 
and uu high degree of restraint did not show 
differences in structural performance be- 
tween specimens welded with 400° F. pre- 
heat (containing high residual stresses) 
and an identical specimen furnace stress 


relieved at The magnitude of 


the residual stresses in the lattes specimen 


was, of course, greatly reduced 

As indicated in Figs. 17 and 18, there 
appears to be improvements in the \- 
notch Charpy impact characteristics of 
weld and plate material from specimens 
that had been subjected to the stress-re- 
treatments discussed by the 
The effects of furnace stress re- 


lieving 
author. 
lief are well known and the results are as 
expected, It is difficult, however, to 
understand why there should be improve- 
ments in the material subjected to the low- 
temperature stress-relieving treatment 
over that in the as-we Ided condition The 
impact specimens from the as-welded 
plate are, of course, also stress relieved 
through the subdivision necessary to pro- 
duce the specimens It is suggested that 
the scatter is great and that these apparent 
differences therefore result from the lim- 
ited number of tests made 

Mr. Greene must be commended for the 
work reported in this paper on the recur- 
the effect of residual 


ring question 
stresses on the mechanical performance ol 
welded structures. Continued effort must 


be made to resolve this perplexing prob- 


lem 
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The author has devised some- 
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rication notches. 
Other notched-specimen tests involve 
notches which must be classified as 
parison” or “typically severe.” 
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Greene's test, however, is a real crack similar to those 
resulting from a workmanship defeet or poor weldabil- 
ity. Only one equally realistic test comes to mind. 
This is the extremely expensive hatch corner facsimile 
used in a series of tests at the University of California.’ 

There are two other important features to this test 
which have not been sufficiently emphasized in the 
paper. First, it should be noted that a real tempera- 
ture transition occurs on the basis of nominal stress, 
and second that low values of nominal stress occurred 
although the specimens involved no complicated over- 
all geometry. Most important of all, however, Mr. 
Greene has shown, for the first time, that a real im- 
provement occurs in the performance of a welded 
structure when it has been treated by the so-called 
The num- 
ber of large-scale tests he has used and the consistency 


low-temperature, stress-relieving process. 


of the results strengthen the findings so that there is 
little room for dispute. 

Although it does not appear possible to dispute the 
findings, I am constrained to disagree with Mr. Greene's 
interpretation of the data. He has attributed the bene- 
ficial effeet of the low-temperature stress-relieving 
method to the fact that it relieves the stresses. That 
this method relieves the stress cannot be disputed 
Mr. Greene has adequately demonstrated this phe- 
nomenon With previous tests.2 On the other hand, to 
assume that the improved) structural performance 
results entirely from the stress relief is fallacious logic. 
On recent tests with sharply notched steel tensile 
specimens it Was found that a slight prestrain occurring 
above the transition temperature had the effeet of 
changing the specimen so that the resistance to the oe- 
currence of brittle performance and cleavage fracture 
in subsequent testing at lower temperatures was 
greatly increased. In other words, if a series of notch 
burs is prestrained at a temperature above the transi- 
tion subsequent tests on the same bars will show a sub- 
stantial reduction in the transition temperature as 
compared to a transition temperature obtained on 
similar bars which have not been prestrained. During 


the so-called stress-relieving process the temperature 
ranges from 150° F. in the weld to 350° in the adja- 


cent base metal. The prestraining which removes the 
locked-in stresses occurs under temperature conditions 
Which are conducive to plastic flow. As already dem- 
onstrated on notched steel bars a lowering of the transi- 
tion temperature in subsequent tests can be expected 
from this effect. 

Low preheat temperatures and postheat temperatures 
bring about beneficial changes which are a function of 
the material and = the temperature used. Previous 
tests have shown that temperatures between 150 and 
356 


structural performance. Mr. Greene shows in Figs. 17 


produce measurable improvements in’ the 


and IS that the Charpy impact resistance of steel re- 


moved from the plate and weld was increased when the 
These 
Charpy bars had notches parallel to the direction of the 


low-temperature stress relieving was applied. 


high residual welding stress. Furthermore, tests have 
shown that they are too small to inelude over-all resi- 
dual stresses of any magnitude. For this reason some 
of the improvement in performance must be attributed 
toa change which can be classified broadly as metallur- 
gical, i.e., it is something related to chemistry, grain 
structure, gas content or intererystalline stresses 

One of the specimens prepared for this investigation 
failed before the external load was applied. This fail- 
ure reminds us of the many fractures which occurred in 
the ship hulls while they were under construction. [It is 
clear that locked-in stresses play an important part in 
such failures. On the other hand, welded specimens 
prepared with a 400° F. preheat exhibit a remarkably 
improved structural performance in spite of the fact 
that locked-in stresses remain practically full 
force. The importance of the part played by locked-in 
stresses is one of degree and involves the relative con- 
tributions of the various parameters toward the oceur- 
rence of cracks. 

The above discussion may be summarized by saying 
that there are at least three changes resulting from the 
application of the low-temperature stress-relieving 
process. First, it relieves the stresses; second, it 
rounds the notches; third, it improves the metallurgy. 
It is not fair to attribute the general improvement it 
structural performance to stress relief without giving 
recognition to other factors. The other two factors 
mentioned are confirmed benefactors. The relative 
contribution of locked-in stresses is an open question. 

I believe that another real contribution to the ad- 
vancement of our knowledge could be made by adding 
two series of tests to the program commenced by Mr. 
Greene. First, a series of specimens prestrained at 
150 to 200° in a tensile machine and then tested at 
lower temperature to obtain a transition. Second, a 
series of specimens welded with 400° preheat and then 
tested to obtain a transition curve. 

The above discussions should not be taken to imply 
that Mr. Greene has failed to achieve his objective. 
He was interested in showing that the so-called low- 
temperature, stress-relieving process brought about 
an improvement in the performance of the structure 
He has succeeded in achieving his objective. The mat- 
ter of explaining the improvement is a separate ques- 
tion the answer to which could add substantially to our 
general understanding of this problem. 
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Hortonsphere. 


by L. P. Zick and C. E. Carlson 


INTRODUCTION 


HE purpose of this investigation was to determine 


the action of the column-to-shell connections of a 


18-ft. diameter Hortonsphere supported on eight 


tubular columns. Under liquid load the complex 


stress distribution in this region has not vet been solved 


by theoretical analvsis: therefore, electric strain gage 


measurements were made on aw new commercial vessel 


to determine the existing stresses 


A secondary purpose Was to prove or disprove the 


strain gage technique reported in this paper. 


\ 5i-ft. diameter Hortonsphere supported on ten 


tubular columns and designed for 75 psi pressure Was 


previously investigated and the stresses were found to 


be within the allowable value However, most of the 


gages placed on the inside surface of this vessel were 


lost during the test; theretore the stresses at the se points 


were not obtained Further, bending was indieated in 


the shell at the edge of the column and it was felt that 


this would become more serious on thinner shells and 


when the span between posts ine reased 

The 48-ft 
was built for the Cities Service Oil Co., at Fast Chicago, 
Ind., bv the Chicago Bridge & Tron Co It was de- 
signed to store 48 Ib. /ft 


diameter Hortonsphere shown in Fig. 1 


liquid under 60 psi working 
4.P.1.-A.8S.M.E 


The general dimen- 


pressure, accordance with the 
Code for Unfired Pressure Vessels 


sions and plate thicknesses are shown on the drawings 


The Cities Service Oil Co. and the Chicago Bridge 


& Llron Co. erection crew, headed by foreman Sid 


Stanley, cooperated with the authors in’ conducting 


this investigation. 


GAGE LOCATIONS 


Drawing 1 gives the locations of all the SR-4 strain 


gages. Two single gages, type A3, were installed on 


radially opposite sides of each column. These were 


used to determine the respective column loads Delta 


L. P. Zick and C. E. Carlson are with the Chicago Bridge & I ( Chi 
cago, I 
Reprinted from Proceedings of the Society for Experimental Stress At 


sis, Vol. VI, No. 2 


May 1949 


§ of a Hortonsphere 


® Strain gage survey around the supports of a 48-foot diameter 
Present design stress allowances prove adequate 


= * 


hig. 1) View of 48-ft. diameter Hortcnsphere 


rosette gages, type AR4-1, were installed on the inside 
and outside surfaces of the shell at points numbered 
from 1 to 29, inclusive. Similar gages were installed 
on the inside surface only at points 30, 31 and 32 since 
the outside surfaces were covered by the column. 

All but seven of these points were placed on the shell 
around column 1 to investigate as fully as possible the 
auction of the column-to-she ll connection Their loea- 
tions are shown in Fig. 2 and on drawings 2, 3 and 4. 
The other seven points were located near the remaining 
7 columns, each similarly located with reference to its 
column. These were used to indicate that the action 
of all the columns was similat 

Four delta rosette gages and two single gages similar 
wo the active vauges were installed on ste el plates Yx 


x °/, in. and were designated as dummy (unstressed 
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gages I to VI, respectively. 
were hung on single bolts attached to the outside of the 
shell near columns | and 5, respectively, and one of 


Fig. 


Drawing 1 


these was used when reading the outside gages. Dum- 
mies III and IV were hung inside the tank opposite 
dummies I and II and one of these was used when 
reading the inside gages. Dummy plates V and VI 
were hung on single bolts attached to columns | and 5, 


Dummy plates | and Il 


respectively, and one of these was used when reading 
the column gages. 


PREPARATION 


Since the vessel was to be tested with water, rosette 


gages placed on the inside surface of the shell had to 


be protected against full submergence plus as much as 
93 psi hydrostatic pressure. The following procedure 


was used and is recommended for future tests: 


1. Preparation of Steel 
(a) Each point was located accurately. 
(b) The region around each point was ground 
smooth to 
within 14-in. diameter circles for the inside 


at the center and bare metal 
delta rosettes (S-in. diameter circles for the 
outside delta 
circles for single gages). 
Vertical and horizontal 
drawn to orient the gages. 
the delta rosettes were placed horizontally. 


rosettes, and 6-in. diameter 


(c) scratch lines were 


The bases of 


(The single gages were placed vertically on 
the columns. ) 
Preparation of Wire Leads 
View showing gages around column No. 1 (a) Cable-holding devices were tack welded to the 
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Drawing 4 


shell about 7-in. above and to one side of 
each point 

“our conductor jacketed cables were marked 
and strung from each rosette through a 
stuffing tube to the control switches. Dur- 
ing this test it found that the cable 


should be such that no change in sensitivity 


Wats 


or readings occurs when the air surrounding 
the jacket is replaced by water. (See 
explanation under Waterproofing Results.” 
At one end the four conductors were soldered 
to three gage leads and one common lead 
(as shown in Fig. 3). At the other end the 


Close-up of rosette gage after wiring 
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38 PS) PRESSURE (Tann EMPTY) 


four conductors were soldered to forked 
lugs which in turn were connected to the 
binding posts of the 


show n in Fig. 


control equipment 


The cable jackets were made watertight inside 
the tank. 


3 and 5 


At the gage end (shown in Figs. 
the jacket was wrapped tightly 
wire and the cable attached so 
that the jacket extended about 3 in. into the 
compound 


with Was 
The stuffing tube consisted 
of a straight pipe 15 in. long with a bolted 


flange on one end and a pipe cap with a hole 


Fig. 4 Outside gages around top of column completely 
waterproofed 
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in it just large enough to puss the cables at 
the other end. With the cables in place, 
the 15-in. pipe was heated and filled with 


compound B 


Installation of Gages 
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Fig. 5) Inside gages completely waterproofed 


The surface was cleaned with acetone and the 
area to be covered by the gage was outlined 
With strips of masking tape 

The gages were cemented to the shell in accord- 
ance with the manufacturers’ recommenda- 
tions. Since the cement is not w iterprool, 
It Was applied only to the region inside the 
tape. 

The gages were allowed to air dry overnight or 
for at least six hours 

The region around h Wis hie ated with 
an infrared lamp at least 1 hr. or until the 

rage and the shell 
i= The 


requirement were 


resistance between the 


vives that 


Was over 200) megoht 


could not meet this 


replace 


The masking tape was removed and petrosene 
\ wax was painted over the gage and about 
Lin. beyond the edge of the cement while the 
plate was still warm. The gages were 
wired at this time 

As shown in Fig. 5, a paper pocket was formed 

over each inside gave so that there was at 

least Lin. of continuous clean metal around 
the edge of the petrosene An adhesive 
cement was applied to three edges of the 
paper and to the corresponding area on the 


shell. 


leaving the top edge open. 


The pocket Was pressed into place, 
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synthetic jacket 

friction tape 

cotton thread 

01! soaked packing 
synthetic cover 

18 gage solid copper wire 


Buna “S" jacket 

cotton thread 

rubber cover 

18 gage copper stranded wire 


(b) 


Fig. 6 Cross sections of four conductor cables 


Fig. 7 
around; 
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While the plate Vas Kept varm Novoid 
insulating compound B was poured into the 
pron ket ol directly over the gage i bye Z mital 


This was usually done while heating the 
outside gage on the opposite side of thie shell 


As shown In Figs. 3 and 4, a mound of vaseline 


was formed ovet the out sich to provide 
additional protection trom the ciements tor 


the Vives and the leads 


Tests 


as checked to 


The gage resistance 120 ohms 


a continuous circuit 


Insure 


ind the surrounding region 


The paper ket 
were saturated with water and the resistance 


between the gage and the she vas checked 


Sometimes a wire lead penetrates the water- 
proot covering: Ws the paper May be 
removed and melted compound Bo may be 


idded over this point 


The gages were checked with dummy gages to 


be sure then range Was within the limits of 


the incl 


The control board showing three switching boxes 
megohmmeter, Baldwin strain indicator, volt- 
meter and voltage regulator 
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TEST PROCEDURE 


Since the vessel was a new commercial installation, 
the regular series of tests were made first. Readings 
were taken during these tests at convenient times. 
without regard to time of day or length of time between 
readings. These readings, except those taken close 
together on the same day, were erratic and were used 
only as a check on the other readings. 

Upon completion of these tests the tank was filled 
one day and emptied the next. Readings (empty, full 
and empty) were taken on three consecutive nights after 
the entire tank had reached a temperature of about 
50° F. 
final readings were very close to the initial readings. 


These readings were very consistent and the 


A complete log of the loading sequence and the 
readings taken follows: 


Reading 
No. Date Time 


1 10-22-47 7:00 A.M. 


Loadings 


Initial—tank empty 


2 10-23-47 9:00 A.M. Tank full of water 
Not taken 10-23-47 Pee Tank full of water + 93 psi. 
: 10-23-47 2:30 P.M. Tank full of water + 58 psi. 
10-24-47 8:30 A.M. Tank full of water 
5 10-28-47 8:30A.M. Tank empty 
6 10-20-47 4:30 P.M. 58 psi. air (tank empty 
7 10-20-47 7:30 P.M. Initial—tank empty 
S 10-30-47 4:30 P.M. Tank full of water + 29 psi. 
9 10-30-47 6:00 P.M. Tank full of water 
10 10-31-47 6:30 P.M. Tank empty 


Strains were desired for three load increments—full 
water load, 58 psi. pressure (tank full), 58) psi. air 
pressure (tank empty) and a combination of the first 
two which approximates the maximum working condi- 
For the full water load the average of reading 
For the 58 
psi. pressure (tank full) the average of reading No. 3 


tions. 
No. 9 minus 7 and 9 minus 10 was used. 


minus 2 and 3 minus 4 was used for the outside gages 
For 58 
psi. air pressure (tank empty) reading No. 6 minus 7 


and 3 minus 2 was used for the inside gages. 


Was used, 

Two complete sets of readings were taken and 
averaged for each loading listed above except readings 
No. 6 and 8, where only one set was taken because of 
the time element. The column gages were not read 
under pressure loads since we were interested only in 


their total load. 


COMPUTATIONS 

The modulus of elasticity divided by 1,000,000, EF, 
was taken as 20, and Poisson's Ratio, uv, was taken as 
().28 for all ealeulations. 

Since the stresses in the columns were uniaxial, the 
measured strain in microinches was multiplied directly 
by 29 to obtain the stress. 

However, shell stresses were biaxial and, since the 
gages have width, a transverse correction must be 


applied to the apparent strains to obtain the true 
Let Ri, Re and R; be the apparent strains in 


strains. 
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microinches, and e,, ¢: and e; be the true strains in 
Then: 


= R, l/b (R, + R;)* 
ts Rs b (R, + R;)* 


e; = Rs — 1/6 (R, + R)* 


microinches. 


where 1/6 is the auxiliary factor of the gage. This 
factor was taken as 1/65 for all caleulations. 

Substituting the above equations into expressions 
for the principal stresses from a 60° or equiangular 
(delta) rosette gives 


i 3 (1 — 2/b) (1 + u) (R, + Re + Rs) 
+ V2 3 (1+ 1/b)x — 
Tu.» = The same equation as for T,,,. except a minus 


sign between the two terms in the brackets. 


V3 (Rs — R2) 
2R, = R; 


tan 26 = 


where T,,,,. and T,,,, are the principal stresses and @ is 
the angle from Ry to Tras 
counterclockwise and a negative @ is measured clock- 
wise from R, to T,,,.. A chart was prepared to give 
the principal stresses by plotting the radical against the 
sum (R; + Re + R;). 


The maximum shear stress is given by 


= 1/2 (Tas T'min.) 


A positive @ is measured 


The ring stress, 7,, the meridian stress, T2, and the 
tangential shear stresses on horizontal and vertical 
sections, S,, are given by the following equations: 


Ti = Tris. + (1 + cos 26), 
Ts = Tris. + Smex. (1 — cos 28), 
S, (sin 26), 


where @ is the angle @ corrected so that it is measured 
from the horizontal rather than from the direction of 


R,. 


WATERPROOFING RESULTS 

The waterproofing of the inside gages was very 
successful, since only one inside gage was lost during 
the investigation, and this was lost just after it had 
been waterproofed. If time had permitted, it would 
have been replaced before the test. 

The jacketed cables caused the only trouble en- 
countered. As was found before when using long 
single leads, if not properly protected, a drop in the 
readings will be experienced when water replaces air as 
the medium surrounding the leads. This was formerly 
overcome by using the cable shown in Fig. 6 (a); how- 
ever, difficulty was encountered in sealing the ends of 
this cable. On this test the cable shown in Fig. 6 ()) 
was used and the same trouble as was encountered with 


*ractical Reduction Formulas for Use on Bonded Wire Strain 


Gages in Two-Dimensional Stress Fields,’ by R. Baumberger and F. Hines 
Vol. Il, No. 1, Experimental Stress Analysis 


* See 
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the single leads returned; however, the end sealing 
problem was solved. 

Because of this drop in readings, strains due to full 
water load determined from inside gage readings had 
to be corrected. Using the leads that were used for the 
test, readings were taken in the laboratory for a series 
of load increments with the leads remaining in air. 
Then, after an initial reading in air, the leads were 
submerged in water and readings were taken for the 
same series of load inerements. Plotting the strain 
obtained when the leads remained in air against the 
corresponding strain obtained when the leads were in 
air for the initial reading and in water for the loaded 
reading gave a straight line expressed by the formula: 

Corrected strain = 0.9 (indieated strain) + 150 
the inside surface 
The medium sur- 


This formula was used to correct 
strains due to full water load only. 
rounding the leads remained the same for both readings 
used to determine the pressure strains and the outside 
surface strains, so no correction was required. 


STRESSES—MEASURED 


The maximum and minimum stresses as computed 
from the measured strains are plotted on drawings 2. 


3 and 4 for full water load, full 


beam to transfer the load to the column. The 7» 
stresses for the full water load indicate that compres- 
sion the vertical direction over the entire 
length of the intersection. 

In Table [ the points near welds show higher stresses 


exists in 


for the outside surface than for the inside surface, 
The 


measured strains indicated that this caused yielding at 


indicating some inward peaking of the seams 
point 18 during the overload test. However, after the 
overload test had stress relieved this region, the meas- 
ured stresses were below the allowable. A graphical 
explanation of this is given in Drawing 6. 

The test indicated the same bending 
previously found at the edge of the column in the 51-ft. 
The column tends to move in at the 


water load 


diameter sphere. 
top under water load. When the pressure is added to 
the water load, the column moves back out thereby 
somewhat relieving the bending stress. That is, these 
stresses are not additive. 

The extreme fiber stress due to this bending at the 
intersection would undoubtedly increase for the same 
sphere designed for a lower working pressure. An idea 
of the magnitude of this fiber stress may be obtained 
by assuming that the same bending moment would 


exist in the thinner shell. This bending moment on a 


water load plus 58 psi. pressure 
and for 58 psi. air pressure with the 
tank The 


stresses for the first two load condi- 


Pont 


empty, respectively. 


tions are listed in Table I. 


Theoretical 


Drawing 5 plots the tangential 


shear stresses and the 7) stresses on 
3) Measured 


Theoretical 


the edge cut by a vertical plane A 
which forms a 3°-30 ft. angle at the 
Measured 

Theoretwal 


center of the sphere with plane B, 


plane B being a vertical plane 


TABLE Il—Comparison or wo THeoneticat T, wo T, Sraesses 


Fou. Waren Laav 2 
est Press: 


Frit Waren Loan 5S | 


Points on or near the equator 


7 380° 
6,072"* 
7.300 
0.245 
8.300 
6.170 
& 300 
6.595 


140 
2.190 | 


through the axis of the column and 5 Measured 

Theoretical 
the center of the sphere. A cut 
. . Points near plane through bottom of column intersection 
section Was formed by plane A and 


through 
points 2 and 17 at the top and bot- 16 


horizontal planes passed Measured 
7.905 
10.800 


Measured 


tom of the intersection. The see- cata 
tion Was assumed to be svmmetrical 


about plane B 


12 Measured 3,057 10,43 
The summation of 


10.250 
10,890 


2,192 
2,590 


15 Measured 


the foree components in both the i 
Theoretical 


9,737 


vertical and horizontal directions 
are also shown on this drawing, and 13 Measured 455 1,062 4,023 5,202 


4,300 


9,570 


3315 
5,500 


they show a reasonable balance. rr 1,037 


| + 1,430 


| 
340 | 
2,280 | | 


2,270 


Measured 
Theoretical 


The plot of the shear stresses in- 
dicates that they are nearly uniform 7 ; 
A 1) § 3,913 

8.020 


Measured 


| 

| 

Theoretical | 


1,320 


Points near the bottom girth seam of equator plates 


along the vertical portion of the in- 
the 
The 


plots for full water load and for the 


tersection, which with 


ugrees 
assumption made in design. 9,993 


10,9140 


10,132 
9.995 


1,940 


18 Measured 
1,695 | 
| 


Theoretical. | | 
combined loads are quite similar, as | 10.335 10.190 

} 10,335 0,15 
| 10,050 


19 Measured 
10,950 


would be expected Theoretical 
The plot of the 7) stresses for 

6,735 
9.620 


9,205 
8.790 


20 Measured 
Theoretical 
* Tank empty 


full water load, however, indicates 
that 


| 
| 


a band of the shell aets as a Nore; Valuce given are in pai. 
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l-in. strip at point 32 was found to be M = Syf? 6 = 
(7150) (1.14)? 6 = 1548 in.-lb., where Sy = the 
measured fiber stress due to bending. If the same 
sphere were designed for a 30 psi. working pressure, the 
required thickness of the shell plate, ¢, at the post 
would be 0.73 in. Then the maximum fiber stress for 
the thinner sphere for the same bending moment, .V/, 
would be S = 6M 2 = (6) (1548) /(0.73)? = 17,420 
psi. under test or S = 17,420 (4862.4) = 13,400 psi. 
under working conditions. 

Table IT compares the measured and theoretical ring 
stresses, 7), and the meridian stresses, T2. The points 
in planes through the top and bottom of the intersection 
ure not in very close agreement. However, in the 
region away from the intersection there is close agree- 
ment. 

The column loads and stresses are given on Drawing 
1. These loads varied from 380 kips on column 5 to 
150 kips on column 6. Column 1, which was investi- 
gated thoroughly, carried 417 kips or 2°; more than 
the average 409 kips. The single points on the shell 
near each of the columns indicated a somewhat similar 
distribution of load. 


CONCLUSIONS 


The tubular column support conveniently picks up 


the load from the shell by nearly equal shear stresses 
acting along the vertical portion of the intersection 

The top of the column moves in under full water 
load and induces bending in the shell at the edge of the 
intersection. However, these stresses are not direct!y 
additive to the pressure stresses. The pressure load 
rounds up the shell and moves the top of the column 
back out. 

For the sphere tested, the entire shell in the region 
of the column was compressed in the vertical direction 
under water load. This involves a reversal of stress 
under pressure; however, when the magnitudes of the 
maximum average tension and the maximum average 
compression were added, the result) was below. the 
allowable. 

The thickness of the shell plate at the column appears 
to be somewhat conservative; however, because of the 
many factors involved, it is recommended that the 
present practice of increasing the thickness of this 
plate be continued. 

The maximum average stress in the lower edge of the 
equator plates between the post plates is very near 
the allowable and therefore justifies using the same 
thickness for these plates as is used for the bottom 
plates. 

The method of waterproofing was very satisfactory: 
however, the four conductor cables should be improved 


Comparison of Notch Tests and 
brittleness Criteria 


Discussion by Wendell P. Roop 


In this discussion the term “thickness”’ will refer to 
the dimension of a plate determined by the separation 
of the rolls, and width will be measured in the direction 
of width in the plate, regardless of its relative magnitude 
in the test specimen. 

A basie difference occurs between the types of speci- 
men studied with respect to direction of advance of the 
In the Kahn and State College tests the 
crack moves forward in width and thus encounters 


fracture 


conditions in the metal which do not vary at different 
In the Lehigh test the crack 
In making the noteh one of the 


stages of the advance. 
advances in thickness 
all-important skin surfaces is removed; the energy 
needed to start fracture is expended on metal lying at 
the depth of the notch from the rolled surface. The 
energy needed to propagate the crack is affected by 
the changing nature of the metal at varving distances 
from the rolled surfaces. The skin on the surface op- 
posite the notch makes no contribution to the final 
result. 

Wendell P. Roop i« on the staff of Swarthmore College 


Phe paper by Osborn, Seotehbrook, Stout and Johnston was published in the 
Weeding Research Supplement, January 1949 p. 24-5 
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Transition Temperature Criteria 


The idea of a transition function which drops off 
from the ductile level in two steps as temperature is re- 
duced has interesting implications. The authors identify 
these two steps with transitions controlled (1) by the 
machined notch and (2) by the “sharp crack formed by 
shear fracture.” The lower step (7'y) occurs when 
the criterion refers to deformations at the beginning of 
fracture, and the upper step (7's) to conditions during 
or at the end of fracture. Among the diagrams figured. 
Types B and C (as in Fig. 4) which include both steps 
seem not to occur under a single criterion; Fig. 7 
(D) may present a rather vague exception on this 
But the fact that a distinction exists between a 
criterion based on starting fracture and one based on 


point. 


propagating fracture is surely sound, and is confirmed 
by these tests 

The transition temperature based on the start) of 
fracture is reported in these tests to fall consistently 
lower, by a large differential, than that based on what 
happens at later stages. From this we might infer that 
to start a fracture in the brittle mode calls for a lower 
temperature than that needed to convert a fracture to 
the brittle mode after it has started in the ductile mode 

Such an inference, however, seems at variance with 
the effeet of cutting the original notch diagonally, as 
reported by Thomas and Windenburg in the Welding 
Research Supplement for April 1948. The diagonal cut 
favors ductility and depresses the transition by an 
amount like the difference between Ty and Ty. A 
fracture begun in the ductile mode would thus seem to 
need a substantial reduction of temperature to persuade 
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it to turn brittle, as compared with the temperature at 
which the fracture might be brittle from the start. 

There seems to be general agreement that even at 
low temperatures “a small zone immediately below 
the notch continues to fail in a ductile manner.”’ 
This same fact has also been described by saying that 
flow always precedes even a brittle fracture. Brittle- 
ness therefore must assert itself somehow in the pres- 
ence of a natural crack which is higher in acuity than 
any machined notch. The mechanism by which the 
machined notch affects ductility is thus more intricate 
than has usually been supposed. Any data which shed 
light on this matter would be most welcome, and if the 
authors by further study of their detailed data could 
clarify their interpretation in this respect an important 
contribution to knowledge would be made 

As a significant fact it is noted that the Kahn test 
discriminates between two acuities, both high, only in 
the energy needed to start fracture in the ductile mode 
Beyond a certain threshold value the acuity does not 
affect energy needed to propagate fracture nor the 
transition found by this criterion. In * ,-in. plate a 
jeweler’s saw cut and a No. 47 drill give the same 
result and for convenience the drilled hole is preferred. 

As a final comment it is noted that the transition by 
appearance of fracture as reported in the tabular data 
for a'l three types of specimen is higher in 1'/, in. than 
in * s in. thickness by 63+20 But the methods 
used afford no clue as to whether this is a geometrical 
ora metallurgical effect 


Authors’ Reply 


The authors appreciate the discussion submitted by 
Professor Roop 

The difference existing bet ween the modes of fracture 
advance for the Lehigh notch-bend test and for the 
tear and Schnadt-type tests is quite validly pointed 
out by Professor Roop. Unfortunately, no evidence 
has ever been published that tests in which fracture 
proceeds along the plate width are more significant in 
evaluating service performance than are tests producing 
fractures through the thickness. Service failures usu- 
ally involve propagation of the crack along the plate 
width (or length), but initiation of the failure may well 
take place through the thickness. 

The data of Thomas and Windenberg in the April 
1948, Welding Research Supplement illustrate nicely 


the separation of transition temperatures as measured 
by duetilitvy (7y) and those as measured by fracture 
appearance (T,). Ina paper resulting from a separate 
project Stout and MeGeady (June 1948, Welding 


Research Supplement) also showed that notch acuity 
affected ductility transition temperature much emore 
than fracture transition. As the notch attains high 
acuity, the two transition temperatures tend to ap- 
proach one another. 

It is true that Type C curve (Fig. 4) does not appear 
in Figs. 5, 6 or 7, but examples of this type did occur 
in curves obtained for some tests on A-70 steel in 
Sin. plate thickness. Figure 7 (D) is an excellent 
example of Type B in Fig. 4. 

In the present tests, essentially two measures of the 
behavior of the steel in the presence of a notch have 
been considered. First, the amount of plastic flow 
experienced by the steel before any extensive cracking 
occurs has been measured by lateral contraction at the 
notch root. Second, the manner in which the crack 
propagates through the test section has been observed, 
and classified as shear or cleavage fracture in_ per- 
centage terms. The first measurement is highly de- 
pendent on the machined notch geometry. The second 
is relatively independent of the original notch. Kahn 
and Klier, et al., used measurements of the second 
type only. 

Since all specimens tested were machined to in. 
thickness, the tests made on plates of different rolled 
th'cknesses were of constant geometry. The higher 
fracture transition temperatures exhibited by the 1! ,- 
in. plates over the °/s-in. plates are very likely due to 
metallurgical effects. Tests made on specimens nor- 
malized in specimen size have indicated that most of 
the difference between s- and 1! ,-in. rolled plates is 
wiped out by the normalizing treatment 

The authors are indebted to Professor Roop for his 
interesting remarks on this perplexing subject. 


Correction 


In the paper “Corrosion Resistance of Powder-Cut 
Stainless Steels” by L. E. Stark and C. R. Bishop, 
published in the March 1949 Supplement an error 
occurs in the order of photographs in Fig. 13, page 109-s. 
Photographs of specimens No. 1M and 1H are reversed. 
The photograph of the specimen identified as 1M is in 
reality specimen No. 1H and the photograph of the 
specimen identified as 1H is specimen No. 1M. The 
photographs and text intend to show that the heat effect 
from welding a machine-beveled edge is comparable to 
that from welding a powder-cut edge and that heat 
treatment after welding eliminates the heat-affected 


zone. 
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Eifect of “Quench Time” on Weld Metal 


® Results of various postwelding quench times on the ductility of 
all-weld-metal tensile coupons prepared with Type E6011 electrodes 
are presented, including the effect of a critical quantity of hydrogen 


by Jay Bland 


Abstract 


Results of various postwelding quench times on the duetility 
of all-weld-metal tensile coupons prepared with Type b60t1 
electrodes are prese nted An attempt is made to explain the 
presence of fissures causing the low ductilities found for speci- 
mens quenched within | to 3 min. after welding. Some experi- 
mental evidence for considering a critical quantity of retained 
dissolved hydrogen aus the responsible agent for fissure tormation 
is presented Additional considerations of the phenomenon are 


offered. 


INTRODUCTION 


HE extraordinary advances in welding and welded 
fabrication, brought about by the necessities of 


the recent war, required practical applications 


of welding materials and procedures ahead of 
their specification development, and certainly far ahead 
of the basic knowledge of the phenomena of the weld- 
ing process. 

In the latter part of 1945, the Navy Department 
revised the requirements for medium steel electrodes 
and issued an interim specification! for them. Early 
in 1946 a program for the requalification of eleetrodes 
under this specification was authorized to be con- 
ducted at the Material Laboratory, New York Naval 
Shipyard. 

The revised specification requires that in the fabrica- 
tion of groove welds for all-weld-metal tensile coupons, 
the assembly “shall be heated in boiling water for five 
minutes prior to welding. Within ONE minute after 
the completion of each LAYER, including the last 
laver, the assembly shall be immersed in boiling water.” 
This procedure was adopted in place of the 10-min. 
delay period previously specified in order to speed up 
the production of the groove weld assemblies, and to 
prevent manipulation of test results. 

When evaluations of Type E6011 electrodes were 
undertaken in the course of the requalifiecation program, 


Phe opinions expressed herein are those of the author and do not necessarily 
represent the opinions of the Navy Department 
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it was observed that the ductility properties of most of 
the available brands were unsatisfactory, being con- 
siderably below the minimum requirement of 22°, as- 
welded (elongation in 2-in. all-weld-metal coupon). 
It was suspected that the l-min. delay between com- 
pletion of welding and immersion in boiling water was 
too short an interval and was a contributing cause 
for the low ductilities observed, possibly because it 
did not allow the hydrogen, known to promote em- 
brittlement of steel, to evolve from the weld metal 

An investigation was made to determine the validity 
of and evidence for the above concept, and to deter- 
mine the efleet of various delay intervals on the proper- 
ties of the weld metal. This paper presents some of 
the work performed at the Material Laboratory, New 
York Naval Shipyard, in connection with this in- 
vestigation. 

A search through available literature on the sub- 
ject indicated that most of the previous investigations 
of welds exhibiting low ductility properties were con- 
cerned with the causes and means of correction of the 
so-called “fish eyes” or flakes in the deposited weld 
metal, which appeared to be due to hydrogen. Herres* 
showed that the degree of hydrogen embrittlement 

localized or general) of weld metal and of the heat- 
affeeted zone of the base metal is dependent upon the 
microstructure of the steel and the rate and tempera- 
ture of straining; he suggested a precipitation reaction 
as the probable cause of embrittlement during strain- 
ing. Lefevre? compared the origin and appearance of 
weld metal flakes with those observed in low-alloy 
forged steel and suggested thermal treatments for their 
elimination. Voldrich* considered the formation of 
underbead cracking as a hydrogen embrittlement 
phenomenon, and attempted to evaluate and correlate 
the two. Van den Blink® showed the influence of the 
water content of electrode coatings on the hydrogen 
content of the weld metal based on partial pressure 
considerations. Flanigan® investigated the effect of 
hydrogen on the ductility of are welds in mild steel. 
In his attempt to study the effect of cooling rates and 
incidentally to measure the amount of dissolved hy- 
drogen, he quenched weld metal samples upon comple- 
tion of welding; he found very low weld metal due- 
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tility, and observed microcracks in the E6010 weld 
metal deposit. Flanigan thus appears to have been 
among the first investigators to observe and record the 


presence of actual fissures in the weld metal. 


GENERAL CONDITIONS OF TEST 


The welding procedure used for making all physical 
test plates reported herein, except as noted, was as 
required in Figs. 3 and 3 (A) of the interim specifica- 
tion.' The test assemblies were of medium. steel 

»x 10'/. x 12 in. with conventional flame-cut 22! 
bevels on each plate of the test assemblies Root 
openings were in wide with in. thick backing 
strips. Welds were deposited using the *4-diameter 
split-weave” piiss technique Optimum are currents 
and voltages within the manufacturer's recommended 
range were selected by the welder. 

After the jomt was tacke al, the assembly was heated 
in boiling water for 5 min. prior to welding. At. thie 
particular quench time under investigation, the as- 
sembly Wis immersed Ih boiling water alter completion 
ot each laver, including the last lavet ‘| he assembly 
was removed from the boiling water within | min. after 
the increased boiling of the water had subsided, and the 
subsequent layer was started immediately Quench 
time was measured with a stop watch in order to main- 
tain uniformity 

After completion of welding, a strip containing the 
weld and approximately l-in. base metal on each sic 
was flame cut from the assembly and machined into 
two 0.505-in. diameter all-weld-metal tensile specimens 
in the conventional manner. In all cases the elapsed 
time between completion of welding and the pulling of 
the machined test specimens exceeded two days The 
tensile specimens were pulled in a standard tensile 
machine with a rate of applied load of 0.05 to 0.15 in 
per minute. 

Throughout this investigation only */;.-in. diameter 


electrodes were used. Electrodes used were selected 


from pre-sample batches used in specication develop- 


ment samples which had been submitted fe Brand 


and Type Approval tests and samples of electrodes 
carried stock Selection of particulia brands of 


electrodes was governed by their availability. 


PRELIMINARY TESTS 


Three brands ot Type Keo! electrodes were used to 
prepare groove welds for tensile tests. Since the time 
interval between the compl tion of each laver and actual 
placing of the plate in the tank of boiling water was the 
important factor to be considered, the nitial series of 
test specimens Wis made using the most severe quench 


4 
ime practieatte. 


Quench time was kept within 20 
see., which re presents the minimum time in which the 
plates could consistently be unclamped from the welding 
able and placed in the tank of boiling water All 
plate assemblies at this stage were welded in one direc- 
tion Lavers were not reversed 


Results of these preliminary tests indicated that in 


ill but three of the tensile specimens pulled the elonga- 


tion is considerably below the 22°; minimum specified. 
In addition, the fractures are unconventional in that 
they are not the usual duetile type but are brittle and 
woody In appearance as shown in Fig. | ‘These frac- 
tures are characterized by areas of gray, silky-appearing 
metal surrounding clusters of jagged, irregular craters 
of metal with a light gray texture similar to that as- 
sociated with fish eves. The relative position ¢ f these 
clusters varies considerably in the fractures 


WELDING TESTS AND RESULTS 


Comparison of 20-Sec. and 10-Min. Quench Time 


In view of the former results it was decided to extend 
the tests to a larger number of brands of type E6011 
electrodes and to check the physical properties of all 


brands using a 10-min. quench time. In addition sime- 


Fig. | Broken 0.505-in. diameter, all-weld-metal tensile specimens welded within 20 sec. quench time. Typical 
brittle, woody fractures 
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acceptable. Brand kh, an £6020 type 
electrode welded with a 20-see. quench 


time, produced one tensile specimen 


with a brittle, crystalline type of 


” 


2 
ro 


sou 6010 


Baano ano Tree 
Graph 1 
sec. and in 10 min. 


ilar tests were conducted with E6010, E6020, and low- 
hydrogen types of electrodes. Results of tests are 
shown in Graph 1. 

At least one tensile specimen machined from each 
6011 test assembly welded with a 20-sec. quench time 
exhibited the same woody type of fracture and low 
elongation noted herein; whereas the 10-min. quench 
time tensile specimens showed a marked improvement in 
elongation and type of fracture. For the latter, all 
values of elongation exceeded the normally expected 
minimum of 227, and all fractures exhibited the gray, 
silky, more ductile appearance indicated in Fig. 2. 
These results were noted for all E6011 electrodes tested 
except Brand C which did not show any difference in 
elongation or type of fracture. In both conditions of 
test this eleetrode deposit exhibited a duetile type of 
fracture with acceptable elongation. At present, there 
is no definite explanation for this behavior. It is to 
be noted that Brand J, a low-hydrogen type electrode, 
also showed ductile fractures for both quench times. 
However, the physical properties were not consistently 


Fig. 2 


Comparison of medium steel electrode welds quenched within 20 


fracture rather than the woody type. 
Its elongation (24.57) was a shade 
beneath 25°; which is 
specified for this type, but which is 
usually exceeded by a considerable 
amount. 

It may be noted that in the prepa- 
ration of the above and subsequent 
assemblies, the direction of welding 
layer was 


SPECICATION 
For 4 
Tree £6020 

! 


normally 


L was reversed after 
deposited in order to maintain greater 
uniformity of thermal conditions. 
Since the 20-sec. quench time caused 
such a marked decrease in elongation, 
a condition not usually associated 
metal of the chemical content obtained 


with weld 


with E6011 electrodes and since the exact cause of this 
reduction in elongation was not known, it was decided 
to extend the investigation to determine the minimum 
quench time at which these electrodes would exhibit 
ductility more in accordance with that usually ex- 


pected. 


Effect of Varying Quench Time from 20 Sec. to 
10 Min. 


In order to obtain information as to the effect of 
varying quench time, a series of test plates was pre- 
pared. Separate plates, using quench times ranging 
from 20 sec. to 10 min., were made. Brands A and B 
electrodes were used, primarily because of their avail- 
ability and because they were typical with regard to 
change in elongation noted. 

Graphs 2 and 3 show the data which indicate that 
the transition from a brittle, woody fracture for these 
two brands occurs somewhere between quench times 


Broken 0.505-in. diameter, all-weld-metal tensile specimens welded within 10 and 3 min. quench time. 


Typical ductile fractures 
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Graph 2. Effect of varying quench time on ductility of Brand 1 
cin. diameter, d.-c. reverse 


electrode weld, Type E6011, * 
larity, duplicate coupons 


of 2 and 3 min. Typical fracture appearances are 
shown in Figs. 3 and 4. It is observed that the due- 
tility increased with increase in quench time 

similar tests of additional brands of E6011 electrodes 
indicated that three of the available brands were ca- 
pable of producing tensile specimens with elongation 
above 22°, when a quench time of at least 3 min. was 
used, and that only two brands could do so at shorter 
quench times. 

It is apparent from the results obtained that a l-min. 
rapid quench will cause most 6011 electrodes to ex- 
hibit surprisingly low ductility. 

In order to obtain some information as to the nature 
of the marked reduction in the elongation of tensile 
specimens prepared with relatively rapid quenching 
conditions, the following associated tests were con- 
ducted concurrently with the above tests. 

Effect of Full Weave. 
using two brands of electrodes, A and B, with 1I-min. 
Both plates 


‘Two test plates were prepared 


and 20-sec. quench times, respectively. 
were welded with a full weave pass technique rather 
than the ‘4-diameter split-weave’ pass technique 
In the two tests conducted there was no appreciable 
improvement in appearance of fracture or physical 
properties as a result of using a full weave puss tech- 
nique. 


Chemical and Spectrographic Analyses. tepresenta- 
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Fig. 3 Broken 0.505-in. diameter, all-weld-metal tensile specimens welded within I min. quench time. 
tile and brittle fractures 


In 2 - Peacent 


Graph 3 Effect of varying quench time on duc- 


po- tilit, of Brand B electrode weld, Type E6011, \«-in. 


diameter, d.-c. reverse polarity, duplicate coupons 


tive broken 0.505-in. diameter all-weld-metal tensile 
specimens prepared from the different brands and 
batches of E6011 electrodes were analyzed by chemical 
and speetrographie means in order to determine whether 
there were any differences in chemic.l constituents. 
Results indicate that there were no appreciable dif- 
ferences between the weld deposits in chemical com- 
position except for the manganese and molybdenum 
content. The manganese content of the Brand C de- 
posited weld metal was lower than that encountered in 
most other deposits of electrodes, whereas the molyb- 
denum content of three different deposits was consider- 
ably higher. From an analysis of the physical proper- 
ties, it was noted that the yield point and _ tensile 
strength of the Brand C tensile specimens were lower 
than the other brands; also their elongations were not 
affected appreciably by a quench time within 20 see, 
This may be attributed to their lower manganese con- 
tent. 

Weld deposits of identical brands quenched at dif- 
ferent times and exhibiting different types of fractures 
have essentially similar chemical compositions. 

Vetallographic Analysis of Broken 0.505-in. Diameter 
All-Weld-Metal Tensile Specimens. The threaded ends 
of typical broken tensile specimens that exhibited 
brittle, woody fractures with low elongations or ductile 
fractures with acceptable elongations were examined 


Partial duc- 
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Fig. 4 Broken 0.505-in. diameter all-weld-metal tensile specimens welded within 2 min. quench time. Partial duc- 
tile and brittle fractures 


microscopically in order to detect any fundamental 


differences in metal structure. Sections cut along the 
transverse and longitudinal axes of the tensile speci- 
mens at the threaded ends were polished, etched and 
studied at magnifieations of lOO & and 500 x. 

No unusual defects were detected in the examination 


Magnification, 100 


of the transverse sections. Upon examination of the 
longitudinal sections, however, fissures somewhat sim- 
ilar in appearance to hydrogen flakes in forged steels 
were observed in those tensile specimens having brittle, 
woody-appearing fractures with low elongation. These 


fissures were below 0.010 in. in height (dimensions 


Magnification, 500 


~ 


Magnification, 500 = 


Fig. 5 Photomicrographs of typical fissures located in the finer grain zone on E6011 multipass deposits welded 
within 20 sec. quench time 
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shown on longitudinal section) whereas the fissures in 
flaked forged steels are usually 0.25 in. diameter. 
From an examination of longitudinal micro-specimens of 
single beads prepared in the bead quench test indicated 
below, it was observed that the fissures were located, 
in general, at the boundaries of the columnar grains. 
The recrystallization and annealing of the bead that oc- 
curred in multipass welding produced no visual changes 
upon the location and appearance of the fissures. The 
location of the fissures at the boundaries of the colum- 
nar grains seems to indicate that the detected fissures 
are merely cross sections of microscopic fissures that 
are parallel to the transverse axes of the tensile speci- 
mens or weld deposits. Since the location of the fissures 
is predominantly transverse, their detection is difficult 
in transverse sections. In multipass welds, the loca- 
tions of the fissures were predominantly confined to the 
fine grain area of the recrystallized zones although 
some were occasionally located in the small grains. 
Typical photomicrographs are shown in Figs. 5 and 6 
for recrystallized weld metal, and in Fig. 13 for single 


bead weld metal. 


Finer Grain. Magnification, 100 


¥ 
RES 


Small Grain. Magnification, 


Fig. 6 Photomicrographs of typical fissures located in the finer and small grain sone of an E6011 multipass deposit 
welded within 20 sec. quench time 
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number of 


The indicate that the relative 
fissures decrease as the quench time is increased for the 
welding of test plates with the same E6011 brand of 


electrode. A 2-min. quench time appears to be the 


results 


transition point from a condition of very few fissures to 
a condition of no fissures with 3-min. or longer quench 
time specimens. It also appears that the presence of 
these fissures is related to the brittle, woody fractures 
accompanied by low values of elongation which are ob- 
tained with severe quench times. 

Bead Quench Test. During the metallographic 
analysis of the tensile specimens, it was recognized 
that a simple procedure to determine the transition 
point of the quench time beyond which no fissures are 
produced could conveniently be used to expedite this 
work. The procedure developed was to preheat a 
plate of 4- x 5- x %/;-in. medium steel in boiling water 
for 5 min. A single bead was deposited approximately 

, in. wide along the 5-in. center line of the plate in 
order to simulate the ‘‘4-diameter weave’’ used in the 
preparation of physical test plates. It is to be noted 
that only */,,-in. diameter electrodes were used. The 


Finer Grain. Magnification, 500 


Small Grain. Magnification, 500 
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Fig. 7 Diagrammatic sketch of bend sample from bead 
quench test specimen 


plates were then placed in the boiling water after the 
desired quench time had elapsed, and were removed 
when the excessive boiling of the water subsided. 
The currents and voltages used were comparable to 
those for the regular tensile plates. Sections were 
cut along the longitudinal axis of the bead and were 
polished, etehed and examined at a magnification of 
100 X. These tests were made for E6010, E6011, 
£6020 and low-hydrogen types of electrodes. 

Results of the bead quench tests indicate that most 
fissures disappear when a quench time of 3 min. is used. 
No fissures were detected for the low-hydrogen type of 
electrode used. However, this is not meant to imply 
that all brands of low-hydrogen type electrodes will not 
produce fissures under rapid quench conditions. 

Evaluation of Bead Quench Test Specimens. The 
preliminary evaluations of the bead quench test speci- 
mens, indieated above, were based on metallographic 
examination of the longitudinal seetions of the deposit. 
To expedite evaluations, the procedure shown in Fig. 7 
was developed. A longitudinal slice was cut from the 
specimen, ground on the face through the weld center 
line and finished on 2/0 paper. The sample was then 
bent ina standard bend-test jig (1'/2 in. diameter pin). 


Fig. 9 Macroetched bend sample of bead quench test 
specimen No. H3-10, Type E6011 electrode, 10-min. 
quench, 10 * 
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Fig. 8 Bead quench test specimens, showing position of 
bend sample and representative bend sample as macro- 
etched after bending 


Figure 8 shows a specimen plate as cut and a typical 
bend sample after macroetching. Visual examination 
of the etched surface readily revealed the presence of 
fissures, which would open slightly during the bending 
deformation. Check metallographic examination of 
the mating face (marked M on Fig. 7) confirmed the ex- 
tent of fissures in the specimen. Typical appearances 
of the bend samples after macroetching, for one bead 
quench test specimen (H3-10) allowed to cool in air 
(10-min. quench) and for one specimen quenched im- 
mediately (H3-1), are shown in Figs. 9 and LO at about 
10 X magnification. 

Effect of Quench Media. 


water, into which the bead quench test specimen is im- 


In order to eliminate the 


mersed after welding, as a cause of fissure formation, 
several samples were prepared using Brand B elec- 
trodes, under conditions which provided rapid quench 
effects without the use of post welding water immersion. 
One procedure involved cooling the plate, prior to bead 
deposition, to a temperature of —50° F. No post- 
welding treatment, other than normal air cooling, was 
employed. second procedure involved depositing 
the bead over a hole drilled in line with the weld and 
through the plate thickness, and through which water 


Fig. 10° Macroetched bend sample of bead quench test 
specimen No. H3-1, Type E6011 electrode, 20-sec. 
quench. 10 
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Fig. 11 Macroetched bend sample of bead quench test 
specimen No. H3-50, Type E6011 electrode. Plate pre- 
cooled to —50° F.; | no postwelding treatment. 10 Fig. 12. Macroetched bend sample of bead quench 
test specimen No. H3-WR, Type E6011 electrode. 
Plate cooled by water through internal bored hole: no 
postwelding treatment. 10 


Magnification, 100 x 


ne 


Area l of above. 500 


Area 1 of above. 500 


Fig. 13 Microstructure of weld deposit, longitudinal section, bead quench test bend specimen No. H3-WR, Type 
E6011 electrode. Plate cooled by water through internal bored hole: no postwelding treatment, Nital etch 
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at about 60° F. was flowing. Similarly, no post welding 
treatment was used. 

The appearances of the bend specimens (H3-50 and 
H3-WR, respectively) are shown in Figs. 11 and 12. 
The extent of fissure formation is apparent. 

A duplicate bead quench test bend specimen, water- 
cooled through an internally bored hole, was examined 
metallographically. The structures observed are shown 
in Fig. 13, to which previous reference has been made. 
The fissures predominantly are oriented along the 
boundaries of the columnar grains, and appear to be 
associated with unidentified inclusions. 

The etched specimen was then bent to a radius of 
about | in. and re-examined under the microscope with- 
out further preparation. The appearance of the dis- 
torted surface is shown in the several photomicrographs 
of Fig. 14. The embrittlement of the weld metal is 
readily apparent from the nature and frequency of the 
fissures. It may be noted that many of these fissures 


developed in areas shown in the photomicrographs of 


Fig. 13, but their unstressed appearance was so closely 
delineated with the etched structure as to be considered 
part of it. 

It was then decided to determine whether the quenel- 
ing effect of the mass of a large steel billet was capable 
of producing fissures in welded single beads deposited 
thereon. A 12- x 12- x 1S-in. medium steel billet was 
procured and single beads were deposited on the 12- x 
12-in. face of the billet at room temperature. The 
beads were permitted to cool to room temperature 
without an external quenching medium. Electrodes 
of the same size and type specified in the preceding 
test were used to deposit the beads. After the beads 
were sectioned, polished and etched, they were ex- 
amined at a magnification of 100 x. Fissures were 
detected in many of the different types of electrode 
deposits. 

Effect of Te mperature and Cooling Rates. In view of 
the production of fissures in the weld-metal deposit by 
rapid cooling rates, it was decided to investigate the 


Fig. 14 Microstructure of weld deposit, longitudinal section, surface of bead quench test bend specimen No. H3-WR of 
Fig. 13 after bending to approximately l-in. radius. 100 
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Cooling curve of bead quench test specimen 


Fig. 15 


effect. of temperature and rates of cooling on fissure 
formation. The normal rate of cooling of a typical 
bead quench test specimen is shown in Fig. 15. Tem- 
peratures were determined using 31 gage wire iron- 
constantan thermocouples and an L and N potentiom- 
eter \ small weld pad placed adjacent to the bead 
edge and ground smooth assured rapid response of the 
thermocouple to the plate temperature. The time 
indicated on Fig. 15 represents intervals after the 
completion of the entire length of the bead It may he 
noted that the center of the weld bead mid-point of the 
full length and the pad adjacent to the bead attain 
equivalent temperatures within 2-min. after the entire 
bead has been welded 

Several series of bead quench test specimens were 


order to deter- 


prepared using Brand B electrodes it 
mine the effect of specimen temperature prior to quench- 
ing on fissure formation. The first series involved pre- 
heating of the plate to various temperatures, depositing 
the weld bead and quenching in boiling water immedi- 
ately after welding. The second series involved hold- 
ing the welded specimen, after completion of welding, 
at its final temperature of about 700° F. for varying 


n general, varia- 


time intervals. It was noted that, 
tions In treatments have little, if any, effeet on the ex- 
tent of fissure formation, provided quenching of the 
specimen occurs within a 2-to-3-min. period after com- 
pletion of welding. In this respect the above results 
confirm the time interval for fissure formation  pre- 
viously indicated for this brand of electrode (Brand B 
A final series of specimens Was prepared in order to 
check not only the effect of quenching, from the ele- 
vated temperatures, on fissure production, but also to 
check the validity of assuming that only dissolved hy- 


drogen primarily was responsible for these fissures. 
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cooling, reheating to 


This series involved welding, 
elevated temperatures and quenching. It was noted 
that specimens H3-1R and H38-3R duplicate 


obtained previously for this brand of electrode In- 


results 


creasing the time interval between completion of weld- 
ing and quenching, beyond 3 min. under normal rates 
of cooling, or for 3 min. at an elevated temperature, 


the formation of fissures. 


practically eliminates 
Quenching, in itself, from the elevated temperature does 
not produce fissures in weld metal deposit from which 
an apparently significant amount of originally dis- 
solved hydrogen has been evolved The effect of in- 
creased time intervals is to allow evolution of dissolved 
hydrogen to occur, and the shorter time at the elevated 
temperature is consistent with the greater rate of evolu- 


tlon expecte l. 


DISCUSSION 


From the results described herein, it is seen that when 
rapid quench conditions are used in the welding of 
physical test plates, tensile specimens are produced 
that are characterized by brittle, woody appearing 
fractures with low values of elongation These tensile 
specimens also contain microscopic fissures similar to 
hydrogen flakes. The fissures appear to have direc- 
tional properties, i.e., their maximum dimensions (area) 
are parallel to the transverse axis of the tensile speci- 
mens or weld deposits. Due to the fissures’ directional 
properties, tensile specimens machined transverse to 
the axis of a weld deposit will not exhibit brittle, woody 
fractures. 

There appears to be a relationship between quench 
time, value of elongation, type of fracture and the 
presence of fissures. As the quench time is increased, 
the value of elongati m increases, the type of Tracture 
changes from a brittle, woody type to a ductile type, 
and the relative number of fissures decrease to a point 
of no fissures. 


necessarily indicate that tensile specimens containing 


Yet. the presence ol fissures does not 


them will have values of low elongation with brittle, 
woody type of fracture. This is shown in the testing 
of Brand C electro les. Acceptable values of elonga- 
tion and ductile type of fractures were obtained when 
physical plates were welded within a 20-sec. quench 
time, but fissures were detected in the deposit. On 
examination of the chemical analysis, it was noted 
that the manganese content is low in this brand of 
electrode deposit. Hence, the chemical composition 
also enters as a factor to be considered in predicting 
values of low elongation when a test plate has had a 
rapid quench. 

The several exploratory tests described above, using 
the bead quench test specimen, appear to offer some ex- 
planation of the phenomenon noted. The general 
characteristics of the observed fissures and the factors 
favoring their production are considered as indirect but 
sufficient evidence for assuming hydrogen to be the 
responsible agent. Quenching from the moderately 


elevated temperature of about 700° F. does not produce 
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fissures in weld metal in which dissolved hydrogen 
either is a minimum quantity (as that from a low-hy- 
drogen type electrode), or has been permitted to escape 
normally by delaying the operation (increased quench 
time). In view of the production of fissures in weld 
metal cooled rapidly in the absence of any external 
source of hydrogen, it is obvious that only such hydro- 
gen as may be derived from the electrode coating during 
welding is involved. 

The results also indicate that one critical factor ap- 
pears to be the amount of hydrogen in the weld deposit 
prior to quenching. In a normal E6011 type electrode, 
about 0.30 ec. hydrogen per gram of weld metal may be 
present on completion of welding. Low-hydrogen type 
electrodes may produce welds containing about 0.10 ce. 
hydrogen per gram of deposit. Between these approxi- 
mate quantities, which represent the extremes in fissure 
production of rapidly quenched specimens, must be a 
critical content of hydrogen below which no fissures will 
be formed. 


SUVIMARY 


The results of this investigation may be summarized 
as follows: 

(a) A quench time of 1 min. causes a marked redue- 
tion in the elongation of all-weld-metal tensile specimens 
of the majority of */j-in. diameter E6011 electrodes 
tested. 

(b) A 3-min. quench time appears to be the mini- 
mum time required for the majority of the */j.-in. 
diameter ECO11L electrodes tested to exhibit the ex- 
pected minimum elongation of 227; some brands of 
electrodes require a still longer quench time. 

(ce) All brands of */,.-in. diameter electrodes tested 
produce tensile specimens with elongations of 22°; 
and above when tested with a 10-min. quench time. 

(¢d) Both full weave and “4-diameter split-weave”’ 
pass techniques when used with a quench time within 1 
min. show a marked reduction in the elongation of the 
resulting all-weld-metal tensile specimens of */,¢-in. 
diameter E6011 electrodes. 

(©) Broken tensile specimens of E6011 physical 
test plates welded with a rapid quench have fissures 
somewhat similar in appearance to hydrogen flakes, 
in forged steel. However, as opposed to hydrogen 
flakes, these fissures appear to have directional proper- 
ties, Le., the maximum dimensions (area) of the fissure 
are parallel to the transverse axis of the tensile speci- 
men or weld deposit. The fissures were only detected 
in longitudinal sections of the weld deposits, which 
show their cross sections. The fissures seem to disap- 
pear when a quench time of 3 min. or longer is used. 

(f) Fissures are produced in E6011 electrode de- 
posits by rapid cooling of weld metal containing more 
than some critical amount of dissolved hydrogen. 
These fissures generally are interdendritic in the colum- 


nar structure of the single bead; their orientation and 
form are not changed by recrystallization due to heat 
effects of additional weld passes. Thus it may reason- 
ably be assumed that  stress-relieving of a rapid 
quenched specimen would not eliminate the fissures. 

(yg) Inerease in the quench time (interval between 
completion of weld and quenching) decreases extent of 
fissure formation regardless of subsequent rapid cooling 
of the weld metal deposit. The effect of such delay in 
quenching appears to be in reducing the amount of re- 
tained dissolved hydrogen in the weld metal. 

It is apparent that several questions of primary 
importance in the phenomenon of fissure formation are 
yet to be answered. Although the assumption has 
been made that hydrogen is the responsible agent, no 
direct evidence for this is at hand. The peculiar orien- 
tation of the fissures transverse to the axis of the weld 
may be correlated with stress conditions produced on 
quenching or with the mechanism of weld metal dep- 
osition; neither phase has been investigated at this 
time. Further a quantitative determination of the 
amounts of dissolved hydrogen might be of interest, 
in order to design electrodes or to develop postwelding 
conditions, especially for field welding operations, which 
would be effective in eliminating fissure formation. 

The importance of the phenomenon cannot be 
ignored. Although this investigation was devoted to 
laboratory phases alone, it can be appreciated that field 
conditions might produce similar results in weld metal 
deposited on cold plates or on heavy metal sections. 
Although the presence and/or effect of such fissures has 
not been reported, the author feels it is reasonable to 
assume that they may have been involved in some in- 
stances of weld failures, acting as so-called incipient 
notches. 
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Composition and Property Variation of Two Steels 


® Progress Report No. 2 0n the effect of fabrication processes on steels 
used in pressure vessels. Datais givenon the within heat variation 
of composition and properties of the rimmed and aluminum- 
killed steels being used in the Pressure Vessel Research Program 


by C. J. Osborn, A. F. Scotchbrook, R. D. 
Stout and B. G. Johnston 


FOREWORD 


HIS is the second of a series of reports (see reference 


10) describing the results of work performed at Le- 
high University for the Fabrication Division of the 
Pressure Vessel Research Committee of The Weld- 
ing Research Council. The underlying purpose of the 
work is to study the effect of fabrication processes in- 
volving plastie strain with or without subsequent heat 


treatment, welding or strain aging, on the relative tend- 
ency of various steels toward brittle failure at low tem- 


perature. Two steels, one rimmed and the other alu- 


minum-killed, each in two plate thicknesses (°/. and 
1'/, in.), were obtained for the initial part of the proj- 


ect. 


This report presents the results of a series of tests sug- 
gested by the Materials Division of the Pressure Vessel 


Research Committee to determine the variation of ¢om- 


positicn and mechanical properties within the two heats 
Since the 


of steel being used in the main investigation 


steels investigated are being used for other research 


programs sponsored by the Pressure Vessel Research 


Committee, it is felt that these results should be pub- 
lished. 


INTRODUCTION 


‘Lhe tendency of a steel to fail in a brittle fashion is of 


tremendous practical importance in engineering struc- 


tures and much is already known concerning the factors 
It is known, for example, 


which govern this tendency 


that chemical composition exerts an important influ- 


ence on the mode of failure and that, other things being 


equal, the transition temperature of a steel rises with an 


increase in its carbon content.' Other elements, no- 


tably manganese? and nitrogen,’ are also considered by 
The influ- 


some to affect the transition temperature 
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ence of chemical composition on strength and ductility 
is also well known. 

However, it is also known that within a single heat of 
steel, and even within a single ingot or plate, there oc- 
cur marked differences in composition. These arise 
both from the different times of holding in the ladle 
before pouring successive ingots, and from segregation 
and rimming effects during solidification of ingots. 
Since such composition differences may well be of ap- 
preciable magnitude, their distribution and their in- 
fluence on fracture characteristics and other physical 
properties become matters of considerable importance 
to the engineer. 

The present investigation was performed on two heats 
of steel whose prior histories were completely known, in 
order to obtain information on these and allied ques- 
tions. One heat, aluminum-killed, had been supplied 
to A.S.T.M. Specification A-201 and the other, a rimmed 
steel, to A.S.T.M. Specification A-70. The former, an 
aluminum-killed heat, had been cast into 9 big-end-up 
hot-topped ingots, 34 x 66 in., each weighing 50,450 Ib.* 
The Pressure Vessel Research Committee obtained 
plates from ingots numbered 1, 2, 3, 4, 5 and 9; ingots 
1 and 3 were rolled to °/,in. thickness, and the others to 
1'/, in. thickness. The top halves of ingots 1, 2 and 4 
were mill-normalized. Ingots 1, 3, 4 and 9 were used in 
the present investigation. The rimmed steel heat had 
been cast into four groups of bottom-poured ingots. 
Each ingot was rolled into one plate and cut to 72 x 
288 in., the six 
search Committee coming from the first group and the 
six 1'/,-in. plates from the third. One plate of each 


s-in. plates for the Pressure Vessel Re- 


thickness was used in this investigation. 
The following tests were performed at selected places 


within the chosen ingots 


1. Chemical Analyses. 


2. Macroscopic Inspection: controlled deep etch; 


sulphur prints 


3. Microscopic Inspection as-rolled metallo- 
graphic; inclusion count;  grain-coarsening 


tests; MeQuaid-Ehn tests. 


* Other particulars concerning the 1 h heats are given 


in an Appendix of this report 
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Table 1—Chemical Composition of A-201 Ingots 
Si Cu Ni W 


Ingot 1, rolled to ®/< in. 
Top center 020 021 O21 006 005 O 04 O41 O04 O05 
Middle center 5: 020 022 0.21 0.06 005 O O4 ’ O41 003 005 
Bottom center OILS 0200 020 005 005 O O4 O38 O04 OO4 


Ingot 4, rolled to 1'/, in. 
Top center 020 022 020 006 005 =O O4 O45 003 
Middle center 5 020 0.20 0.07 0.06 O O4 2 O41 006 O04 
Bottom center 0.20 006 005 O O40 003 O04 


Ingot 9, rolled to 1!) , in 
Top edge 023 (0.19) 0.06 oO O4 03S OO4 
Top center (22 026 0.07 O4 027 003 
Middle edge 7 ol4 023 O18 0.06 0 O4 : 034 OO4 
Middle center 5 020 025 0 026 O02 003 
Bottom center 5 0019 0.023 018 O08 oo 0 042 005 OO4 


Mechanical Tests: strip tensiles; 0.505-in. ten- 2. On the vertical center line of each ingot carbon, 
siles; Brinell hardness; Charpy kevhole spec- manganese, phosphorus, sulphur and_ silicon 
imens, single and double width. decrease slightly from top to bottom. In ingot 


Each of these will be discussed individually. 9, aluminum increases markedly from top to 


bottom. 
Il. CHEMICAL COMPOSITION . From the limited results available (ingot No. 9) it 
eee appears that at least sulphur and phosphorus 
Phe distribution of alloying elements and impurities increase from the edge to center of the ingot. 
in killed- and rimmed-steel ingots has been investigated The British investigators® ° found phosphorus 


at considerable length by the Iron and Steel Institute, segregation of the order shown in Table 1 only 
Committee on the Heterogeneity of Steel Ingots.*~* in ingots much larger than ingot No. 9. Other- 
In the present investigation, samples forchemical anal- wise the magnitude and pattern of segregation 
ysis were taken from the A-201 ingots 1, 4 and 9 at the is much as indicated by Hatfield.* ® ®  Alumi- 
top, middle and bottom center, and from ingot 9 at the num, alumina and nitrogen decreased from 
top and middle edge; also from one small and one large edge to center. 
A-70 ingot at the top, middle and bottom center, and . The maximum and minimum values of carbon 
top and bottom edge. content recorded are at the top and bottom 
The results for the A-201 (Al-killed) steel are given in center, respectively, of ingot No. 4: the range 
Table 1. The following observations may be made: is O.14 to O.IS. 
1. Concerning composition differences from ingot 
to ingot within the heat, the last ingot (No. 9 
is slightly lower in carbon, silicon, aluminum 


fesults for the A-70 (rimmed steel) are given in 
Table 2. Significant features are 


alumina and nitrogen than the two earlier in- . The group of larger ingots rolled to 1!) , in. was 
gots, and slightly higher in sulphur and cop- cast some 10 minutes after the group of smaller 
per. Manganese, phosphorus, nickel, chro- ingots. The average compositions of the two 
mium, tungsten, vanadium and molybdenum ingots were not very different except with re- 
are approximately the same in all ingots. The gard to aluminum which was appreciably 
decreasing carbon, silicon and aluminum con- higher in the large ingot owing to a further 
tents probably result: from oxidation in’ the addition of aluminum to reduce gassing in this 
ladle. The increasing sulphur content may be group. 

due to density segregation of sulphides in the 2. Manganese, phosphorus, silicon, copper, nickel, 
ladle. chromium, tungsten, vanadium, molybdenum 


Table 2—Chemical Composition of (-70 Ingots 
S Cu Vi Cr W 
Ingot 2, rolled to 1'), in 
Top edge z 3 020 034 0.02 O14 010 OOF OOF 2 7 OO4 OO4 
Top center 2: 3: O17 032 002 015 010 0 04 2 7 005 005 
Middle center 2 3! 002 O14 010 O04 2 003 003 
Bottom edge 0200 O14 O09 004 002 003 
Bottom center OIS 028 002 O15 0.09 0 04 003 003 


Ingot 7, rolled to 
Top edge OIS O17 O02 O12 O09 004 2 002 O04 
Top center 2: 020 035 «0.02 O14 O10 0.04 : Ol 003 005 
Middle center 22 3 O19 028 002 O12 0:10 Ol O02 004 
Bottom edge 35 020 021 002 0.12 009 0.04 : Ol 2 002 003 
Bottom center O19 0200 O02 O13 0.10 0 04 Ol 003 
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at the bottom of the ingots is evident from the lesssevere 
attack during etching. The dirt or other unsoundness 
discovered by the deep etch appears coarser and less 
uniform in the A-70 ingot than in the A-201. The con- 
trolled etch did not show any significant difference be- 


tween ingots of the same heat 


Hl. MICROSCOPIC INSPECTION 


Using samples from the same locations as the macro- 


specimens, inclusion counts were first made on the un- 


etched specimens according to A.S.T.M. Specification 
45-461, Method A. The predominant type of inclu- 
sion in both steels was the globular oxide. There was 


Fig. 1) Sulphur prints of 1-201, Ingot 9 


no great difference between the two steels in regard to 


the number and distribution of nonmetallic inclusions 


and nitrogen segregated very little in either of 


the ingots examined. 


‘arbon, sulphur and alumina contents were ap- 


“~ 


preciably higher at the top center of the ingot 


than elsewhere, while the aluminum content 


Was a minimum at this point. 


$. The maximum and minimum values of carbon 
content recorded occurred ut the top of the 


small ingot (No. 7), the range being 0.14 to 


0.25°,. This is a greater range than was ob- 


served in the A-201 steel but is not inconsist- 


ent with previous reports on rimmed steel in- 


gots.' 


1-201, Ingot 9 


MACROSCOPIC. INSPECTION 


\ deep etch and a sulphur print were made on plate 
samples from the top, middle and bottom center of A- 
201 ingots 1, 4, 9 and A-70 ingots 2. and 7. All samples 


were longitudinal. 
The sulphur prints were made by applying Velox F-3 


photographic paper souked in 4°, sulphuric acid to a 


ground surface for 10 minutes. Copies of some of the 


prints are shown in Figs. | and 2.) In all cases it was 


clear that sulphur had segregated to the top of the ingot. 


The low sulphur content of the rim as seen in Fig. 2 


Was very marked. 
The deep etch treatment consisted of 30 minutes of Fig. 4 Deep-etch specimens from A-70, Ingot 2 


50°, hydrochloric acid at 150° BF. Some of the results 
and within each heat there seemed to be little variation 


are shown in Figs. 3 and 4. Here the greater cleanliness 


from ingot to ingot 
The microstructures at the top, middle and bottom 


center of A-201 ingots 1 and 9 are shown in Figs. 5 and 


6. The very fine grain size produced by mill-normaliz- 


ing is noteworthy in the top of ingot 1. The as-rolled 


samples of °/<-in. plate from ingot 1 have a finer grain 


size than the samples of 1'/4-in. plate taken from the 


corresponding position in ingot 9. 


Figure 7 shows microstructures at the top, middle and 


bottom center of A-70 ingot 2. It is evident that the 


carbon content Increased from the bottom to the top of 


the Ingot; again the s-In. plate had a fine grain size 
than the y-in. plate. 
The grain-coarsening characteristics of the two 


Fig. 2) Sulphur prints of 1-70, Ingot 2 steels were studied by two methods on samples from 
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FOES Pa 
Fig. Deep-etch specimens from 


Top (Mill-Normalized) 


Bottom 


the middle of A-201 ingots 1 and 9, and A-70 ingots 2 
and 7; ie., one °/~ and one 1'/,-in. plate from each 
heat. 

MeQuaid-Ehn tests were made at 1675° F. in aceord- 
ance with A.S.T.M. Specification E19 46 and the fol- 
lowing results were obtained: 

MeQuaid-Ehn 
grain size 
A-201, plate (Ingot 1) 
\-201, 1' y-in. plate (Ingot 9) 
\-70, ° in. piate (Ingot 7) 3 
\-70, 1'/4-in. plate (Ingot 2) 4 

In addition to the standard MeQuaid-Ehn test, a se- 
ries of grain-coarsening tests was run on the same four 
plates by holding small samples for one hour at each of 
the following temperatures: 1350, 1500, 1650, 1800, 
1950 and 2100° F. Samples at the four higher tempera- 
tures were transferred to another furnace at 1500° F. 
for an hour before water quenching; those at 1350 
and 1500° F. were water quenched directly. All 
quenched samples were tempered at 800° F. This pro- 
cedure gave microstructures in which the austenitic 


1-201, Ingot 1, rolled to® < in. 


Micrographs at 100 
Nital etch 


* 
» 4 


hig. 6 
thickness. 


hig. 5 
thickness. 
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1-201, Ingot 9, rolled 
Micrographs at 
Nital etch 
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Table 3—Grain-Coarsening Results 


Heated 

1 hr. at 

temp., A.S.1T.M. Grain Size No. 


1350 
1500 
1650 
1800 
1950 
2100 


grain size was outlined by ferrite in a dark matrix of 
tempered martensite. 

From the results (Table 3) of these tests it can be 
seen that both the rimmed and the aluminum-killed 
steels have a sharp coarsening temperature or tempera- 
ture range. In the rimmed steel this is about [800° F., 
while in the killed steel it is slightly higher, although not 
above 1950° F. A sharp coarsening temperature or 
temperature range is characteristic of steels containing 
aluminum or certain other grain refining elements such 


titanium; the heat records and 


as vanadium and 


ae 
d 


4475 


x4 


Ae 


1-70. Ingot 2, rolled to 1' , in. 
Vicrographs at 100 
Nital etch 


Fig. 7 


thickness. 
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Table 1—Tensile Properties of 4-201 Plates as Determined by Strip Tensile Tests* 


Orientation to 


J ngot Gage, In Position rolling direction 
Top** Parallel 
l Top Transverse 
Middl Parallel 
1 Middle Transverse 
1 Bottom Parallel 
Bottom Transverse 
3 Top Parallel 
3 Top Transverse 
3 Middle Parallel 
3 Middle Transverse 
3 5 Bottom Parallel 
3 Bottom Transverse 
I! Top** Parallel 
Top Transverse 
4 I'/, Middle Parallel 
4 I! Middl Transverse 
1 Bottom Parallel 
Bottom Transverse 
Top Parallel! 
Top Transverse 
Middle Parallel 
I! Middle Transverse 
l Bottom Parallel 
I! Bottom Transverse 


Upper 
yreld 
point, 
pat 
37,100 


38,400 


35,600 


36,000 
34,800 


35,500 


36,900 


7,300 
5,000 
5,800 
100 
5,300 
2,800 
2,600 
800 
2,300 
400 
.600 
000 
2,500 
2,500 
700 
30,600 
20,000 


Lower 

yield Nomina Per cent Per cent 
point, marimum, elongation reduction 
ps psi nsin oj area 
36,850 60,250 33.8 59.6 
38,000 59,500 30.1 58.5 
35,100 60,600 30.5 56.4 
35,800 60,600 31.2 55 8 
34,400 58.700 32.2 66.4 
34,600 58,750 31.7 58.6 
35,750 61,800 20.8 58.8 
36,700 61,650 20.0 57.4 
35,600 60,750 32.8 64.1 
35,400 60,300 54.4 
35,700 54,600 28.40 65.1 
34,900 58,600 31.6 59.4 
32,600 59,600 30.5 60.4 
32,300 59,200 31.8 541 
31,400 59,500 34.4 61.58 
31.800 59,100 32.9 53.6 
31,000 56,700 35.1 64.7 
30,700 56,400 33.1 58.8 
31,300 54,700 32.6 57.1 
31,200 54,800 31.0 49.2 
31,300 459,800 20.7 60.0 
31,200 500 51.1 
20.900 57,300 35.0 63 2 
29,100 55400 34.5 55.5 


* Results are average of duplicate tests 
** Normalized 


chemical analyses show that aluminum was added to 
both of these steels. 

It is noteworthy that the long holding time (8 hr.) at 
1675° F. in the MeQuaid-Ehn test caused the rimmed 
steel to coarsen, so that this test indicated different re- 
On the other hand, 
3 do not 


sults for the two steels. the grain 


coarsening results in Table indicate such a 


marked difference. 


IV. MECHANICAL TESTS 


A. Strip Tensile Tests 


tensile 
the 


tensile properties were investigated at the following lo- 


A.S.T.M. 


testpiece (for example, see Specification A-201-46 


Using the standard rectangular 


cations within the two heats: 


\-201 


(Al-killed steel 3. 4 and 9 at the 


top, middle and bottom center. 


Ingots 1, 


rimmed steel)--Ingots 2 and 7 at the top, 


middle and bottom center. 


A-70 


Duplicate specimens were tested both parallel and 
transverse to the rolling direction and the average re- 
sults of these duplicate tests are given in Tables 4 and 5, 
Some conclusions may be drawn from these results. 


1) The ductility, as shown by the per cent reduction 
of less in the transverse 
specimens than in the parallel specimens from 
the same location; this seemed 
greater in the case of the A-201 than the A-70 


urea, Was invariably 


difference 
steel. 


Although the plates were fairly uniform, there 
was a general increase in ductility and decrease 


» 
in strength from the top to bottom of all ingots. 
3) As expected from the greater cooling rates follow- 
ing rolling, the */s-in. plates showed appreci- 
ably higher vield points and slightly higher 


Orientation to 
Ingot Gage, In Position rolling direction 
7 Top Parallel 
7 Top Transverse 
7 Middl Parallel 
7 Middle Transverse 
7 Bottom Parallel 
7 Bottom Transverse 
2 Top Parallel 
2 1 Top Transverse 
2 l Middl Parallel 
2 l Middl Transverse 
2 1 Bottom Parallel 
2 Bottom Transverse 


Vable 5—Tensile Properties of A-70 Plates as Determi 


Uppe 
yield 
point 

psi. 

35,600 

35,906 


20,50 
20, 106 
2°, 80K 
27,70 
27,204 
26,70 


ed by Strip Tensile Tests* 


r Lowe 
yield Vomina Per cent Per cent 
point, elongation eduction 
pst ps nin of area 
) 61,000 30.5 5603 
) 60,800 27.2 
58.400 30 7 59.3 
58,000 29.3 55 8 
55,600 31.0 61.4 
32,200 56, 100 28.1 581 
) 27.800 57,500 31.5 56.3 
) "S000 57,200 3008 62.5 
) 27,300 55.700 33.2 55.8 
) 27,200 55,000 20.4 53.5 
) 25,500 53,400 33.6 581 
) 26,300 53,100 6 55 8 


Results are average of dupleate tests 
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34 
33.65 
32,2 


strength than 1'/y-in. plates from the same 
heat. 

(4) Mill normalizing caused no significant change in 
the tensile properties of the A-201 plates. 


B. Tensile Tests on 0.505-in. Bars 


Some additional information on the tensile properties 
of the two steels was obtained from standard 0.505-in. 
diameter bar specimens. Duplicate specimens oriented 
parallel and transverse to the rolling direction were 
taken from the top edge and center, middle edge and 
center, and bottom center of ingot 9 and the top and 
bottom center of ingot 2. In addition to measurements 


of ductility, the following values were recorded : 
Yield Load 


Original Area 


Nominal Yield Point 


— Maximum Load 


Nominal Maximum Stress — 
Original Ares 


Breaking Load 
Original Area 
Breaking Load 

Area at Breaking 


Nominal Breaking Stress 


True Breaking Stress 


These results lead to essentially the same conclu- 
sions as did the strip tensile results. In these conclu- 
sions, changes in ductility are expressed as changes in 
numerical test values. 

1) The ductility us expressed by per cent elonga- 
tion and per cent reduction in area Was approx- 
imately 5°, higher in parallel than in trans- 

In the case of A-201 ma- 
terial, the vield point was about 2500) psi. 


verse specimens. 


higher for the longitudinal specimens, while the 

A-70 specimens showed no significant differ- 

ence with orientation. Nominal breaking 
stress was about 5000 psi. lower in the parallel 
specimens for the A-201 material and about 
1300 for the A-70 material. The true breaking 
stress averaged about 8500 psi. higher for par- 
allel specimens. The nominal maximum stress 
did not vary much with orientation. 

(2) In both ingots from top to bottom there was a 
general increase in ductility of about 5°) and 
decrease in strength of about 5000 psi. for the 
nominal maximum stress. From = center to 

edge of the A-201 ingot the ductility increased 

about 1.5°) and the nominal maximum stress 
decreased about psi. 
consistent with the chemical segregation re- 


These trends are 


ported earlier. 

Vol Test Reports. Comparing laboratory data with 
the tensile results given in the mill test reports, the dis- 
crepancy between vield points measured at the libora- 
tory and at the mill was very striking. The slower 
loading rate used in the research laboratory, O.006 in. 
per minute crosshead speed up toy ield point for 0.505- 
in. specimens, determined a vield point sometimes as 
much as 10,000 psi. lower than that determined at the 
mill. This divergence is well known and it should be 
remembered when the possibility of increasing design 


stresses is considered. 


Brinell Hardness 


The Brinell hardness was determined at the same lo- 
cations as the strip tensile survey, using a 3000 kg. load 


Table 6—Charpy Transition Temperatures (— F.) at Various Locations According to Three Criteria 


Single width specomen 
Cleavage, 
‘ 


Bottom 


70 Steel 


Ingot 2, 1 


Top 
Middle 
Bot tom 
Inget 7, 
Top 
Middle 
Bottom 


Double width specimen 
‘leavage, Contraction, 

Eneray 


\luminum-killed 


Rimmed 


* Normalized plate 
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a 

f 

Inget 1 Ir 

Top* sO —52 
Micdedle 50 
Bottom 60 —§2 
Inget 3, In 
Top 61 -13 —ti2 
4 Middl fil 33 66 

Bottom 42 — Ho 
Ingot 4, 1 Ir 
Top* 17 —28 —44 —29 —19 —35 : 
Middle ~22 +12 —27 —17 +20 —17 
Bottom 35 —38 —17 +14 —32 
Ingot & 1! In 
Top —25 +25 26 + 2 +42 —7 
Middle 33 ~ 38 ~15 +34 
38 —10 —41 +10 +25 + 2 
+57 +65 +37 +63 +116 +42 
+56 +68 +31 +50 +02 +31 

a +34 +47 +27 +42 +70 +29 
In 
+ 8 + 

+12 +40 

+ 4 +33 2 
a 

232-s 

“4 : 


and a 10-mm. ball. Three impressions were made at 
each location. 
The average hardness for both steels was 160 and it 


was clear that in general the hardness decreased from 
top to bottom of an ingot, the difference from top to bot- 
tom being of the order of 10 points Brinell. 


D. Charpy Transition Curves 


(Charpy impact tests were performed on samples from 
the same locations as the strip tensile specimens. The 
standard keyhole notched specimen was used in this 
survey (A.S.T.M. Specification E23-41T, Fig. 3, Type 
B), all specimens being cut with the notch perpendicular 
to the plate surface and the long axis of the specimen 
parallel to the rolling direction. Twenty-four specimens 
were taken from each location and four of these were 
The total 
energy absorbed by each specimen during testing was 
read directly from the Charpy machine and the per cent 
lateral contraction below the notch and the per cent 


tested at each of six selected temperatures. 


cleavage in the fracture surface were measured after 
testing. 

The method of plotting results was the same as de- 
scribed for other notch tests in a previous paper on this 
work'® and the transition temperatures reported in 
Table 6 were defined as before, as the temperature at 
which the curve has a value equal to the arithmetic 
mean of its maximum and minimum values. 

In addition to the standard key-hole Charpy speci- 


men a survey of the 1'/,-in. plates was made using a 
double width Charpy specimen. The results of this sur- 
vey are also given in Table 6. 


Significant features of the results are: 

1. The Charpy transition temperature according to 
any of the three brittleness criteria used was 
considerably lower for normalized plate than 
for as-rolled plates from the same ingot. 

2. Disregarding the two normalized plates in Table 
6, the transition temperatures generally de- 
creased from the top to bottom of an ingot. 
This effect was most marked in the per cent 
cleavage transition temperatures, where the 
difference between top and bottom of an ingot 
was as high as 35° F. with the single width 
specimens and as high as 46° F. using double 
width specimens. Using the criterion of energy 
absorption, the change in transition tempera- 
ture within an ingot was much less 

3. The transition temperature for °/s-in. plate was 
appreciably lower than for the corresponding 
1'/s-in. material. 

1. Transition temperatures for A-70 rimmed steel 
were about 70° higher than those for A-201 
killed steel. 

5. Transition temperatures using fracture appear- 

ance as the criterion of brittleness were invari- 


ably higher (by as much as 50° F.) than those 


obtained using either of the other criteria. 
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6. Transition temperatures obtained with double 
width specimens were higher than the corre- 
sponding temperatures obtained with single 
width specimens. 


SUMMARY 


An investigation has been conducted into the varia- 
tion of chemical composition and physical properties 
within plates rolled to two thicknesses from two heats 
of steel, one conforming to A.S.T.M. Specification A- 
201, the other to A-70. Both heats exhibited segrega- 
tion and property variation generally of the type and 
magnitude to be expected. 

The chemical composition was found to vary ap- 
proximately as indicated by the extensive work of Hat- 
field and his collaborators. 

In tension tests, the ductility was found to increase 
and the strength to decrease from top to bottom and 
from center to edge of an ingot. In Charpy tests, both 
single and double width, the transition temperature be- 
came lower from top to bottom of all ingots. These ef- 
fects were all consistent with observed chemical segre- 
gation. 

Yield points determined in the laboratory were invar- 
iably much lower than those quoted by the mill test 
reports for the same material. 

Normalized plates had greater ductility and much 
lower Charpy transition temperatures than similar 
plates as-rolled. 

Plates of °/s in. thickness had a higher yield point, 
greater strength and lower transition temperatures than 
1'/,-in. plate. 

The rimmed steel had a slightly lower grain-coarsen- 
ing temperature and much higher Charpy transition 
temperatures than the killed steel. 
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2. Rolling 


(a) Slab Mill: 
MILL HISTORY OF THE TWO PVRC HEATS Ingots 1, 2, 3, 4, 5 and 4 were sent to the slabbing mill 
soaking pits 
\. Mill History of Killed-Steel Plates, A.S.T.M. 4-201 Time "ga to charging 7 hr. 30 min 
1. Open Hearth Time in pits 16 hr. 30 min 
a) Material Charged Temperature drawn 2400° | 
Hot metal 327,000 Ib Slab sizes rolled 
Lime 32,000 Ib Slabs 
Ore 72,000 Ib Ingots No from each Slab size, in 
h) Working of Heat: x 108 
Melt analysis 22% 2, 4, 5, 2 60 x x 118'/, 
Furnace additions Finishing Mill 
Lime 3000 [bh Plates were rolled 12 days after slabbing 


Appendix 


Ore 400 Tb Hleating time: 
Si, Mn 2700 Ib in. gauge 3 hr 
Mn (80%) 600 Tb in. gage 3 hr. 15 min 
Time of working: 3 hr. 5 min Drawing temperature: 2375° | 
Tap analysis: 0.14% C; 0.15% Mn 
Tapping temperature: 3060 3080° F The finishing temperatures and test: results on all as-rolled 
Ladle additions 
Coal 100 Ib 3. Heat Treatment: 
507% Si 2000 Ib Four plates of each thickness were heated to 15807 | 
80% Mn 700 Ib equalized, maintained | hr. and air cooled. Finishing tem- 


plates are given in the following Table A: 


Aluminum 500 Ib peratures and physical properties on these plates are shown 


® Corresponding to 2.4 Ih. per ton in Table B 


A 
Finish Tensile 
Ingot Plate temp... Crag point, stre ngth, Per cent Bend 
Vo \ pst elongation test 
7437-T 
7 ISSO 38,480 13,33 32.0 OW 

ISSO 4,070 
1820 42,520 63,050 28.2 
1820 63,270 
1820 b/s 41,340 64,240 OK 
1820 62,560 
ISSO 10.380 63,920 3: 
ISSO 63,150 
41,110 64,280 OK 
63,270 
ISSO 38,550 42,850 20. O.K 
4 62,320 

63, 180 

37,780 20 OW 
1800 
ISSO , 37,280 63. 040 27.7 OK 
ISSO 62,750 

38,920 63,050 OK 
63,040 


Se 


Table B 
Finish Yield Te nsile 
Plate temp., pont, strength, Per cent 
Vo. Fr Gage, | psi pst. elongation Bend test 
7439-B 1S40 38,040 58,700 34.2 OW 
T IS40 58,570 
7440-B 1870 39,680 61,260 34.5 OK 
T IS70 60,880 
7442-B 1900 36.040 59,130 37 OK 
1900 58,850 
7434-B 1900 37,020 60,730 36 OK 
T 1900 ; 60,330 
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: 

ibs 

| q 

| 

| 

+ 

A 

Tagot 

Vo 

2 

2 

1 


11 plates, 


Summary 


The following steel was received: 


x 72 x 288 in. as-rolled 10,885 Ih 
4 plates, 5/. x 72 x 288 in. normalized 15,150 Ib 
9 plates, 1'/, x 72 x 288 in. as-rolled 67,950 Ib 
x 72 x 288 in. normalized 30,170 Ib 


plates, 1'/, 


B. 


May 1949 


Total weight 154,155 Ib 


All plates fell within the specification range of physical 


properties 


Mill History of Rimmed Steel Plates, A-70 
Open Hearth 
a Material charged 
Scrap 138,600 II 
Pig 74,000 Ib 
Lime 6,300 Ib 
Limestone 4,000 II 
i) Working of heat 
Melt analysis 0 71% ¢ 
Furnace additions 
Lime 2000 Ih 
toll seale 3000 It 
FeMn,. (80‘ 1050 Ib 
Spiegel S10 Ih 
Fluorspar 200 
‘Time of working: 2 hr. 3 min 
Tap analysis: 0.14% ¢ 16.00% FeO in slag 
Tapping temperatures 2080 
Ladle additions 
Coal 280 Ib 
Aluminum 10 Ih 
CaO 750 Ib 
Pouring: Total weight of steel 187,000 hy 
8 bottom-poured ingots 34 x 14 in. were poured to a 
depth of 46 in., each weighing 5050 Ib 
. bottom-poured ingots 48 x 17 in. were poured to a 
depth of 55 in., each weighing 10,500 Ib 
Two groups of ingots for other orders were also 
poured from this heat 
Pouring time 
34 x 14-in. group 5 40 mu 
48 x 17 in. group 7 83 min 
Total 26 min 
Pouring temperature 
34 x 14-in. group 2875° 
48 x 17-in. group 2860° F 
1) Ladle Analysis: 
; Mn P Ss Ni Cr Cu 
25 0 36 0 O16 0 081 0.15 0 O58 0o19 
Rolling 
a) Slab Mill: 


* Corresponding to 0.1 Ib. per 


6 small and 6 large ingots were conditioned and rolled 


Time from pouring to charging in pits 42/44 hr 


Soaking: 
Thr at 2350° I 


Small ingots 20 min 


table togeth 


Large ingots 11 hr. 25 min 
Slab thickness 
Small 
Large 
Slab temperature 
Small 
Large 
4) Finishing Mill: 
All slabs ran straight through the 


intermediate heating 


Individual finishing temperatures are given in 


er with the mill test results 


Plate Finish ) Tens 
Ingot qaqe lemp., Point Strengu 
Vo F ps ps 
l l 2000 58. S00 
39,100 59.700 
2 l 2000 60,200 
30.600 59,700 
2000 50.100 
38,000 58.600 
2000 50,400 
38,500 54,000 
7 2000 55,400 
34,600 62,800 
2000 63.800 
38,600 63,300 
11 2000 63.800 
37,300 64,500 
12 2000 62,700 
34,100 63,000 
All bend tests satisfactory 
Heat Treatment 
Iwo plates of each thickness were he ited t 
equalized, held 1 hr. per inch of section and 


3 


5 


at 2370° F. 


40 in 


fon 


2000° F 
1980° 


1636 


air ¢ 


finish mill without 


the following 


ooled 


Finishing temperatures and test results on these plates were 


is follows 

Plate Finish Yield Tensile 
Ingot gage, lemp., poin Strength 

Vo in F ps ps 
|! 2000 61.200 
38,300 60,500 
38,700 60,200 
s a 2010 63,200 
39,900 64,400 
10 5 2010 63,400 


38,800 62,300 


All bend tests satisfactory 
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155 Ib 
30 Ib. 
170 Ib. 
Ib 


67,535 Ib 


range of physical proper- 


Summary 
The rimmed steel received was comprised of the follow- 
Ing 

} plates, , x 72 x 288 in., as-rolled 
2 plates, °, x 72 x 288 in. normalized 
1 plates, 1'/4x 72 x 288 in., as-rolled 
2 plates, 1'!/, x 72 x 288 in. normalized 

Total weight 

All plates fell within the specification 
tien 
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The Welding of Pure Molybdenum 


» Results obtained in welding pure molybdenum and the 
necessity of proper welding precautions are presented 


by H. J. Nichols, kh. B. Young and 
M. J. Nolan 


Abstract 


Pure molybdenum, for many vears a laboratory curiosity, is 
now becoming of increasing importance for structural uses 
Its unique properties are such that newly developing fields of 
science would be handicapped if it were not available. This 
paper presents some preliminary results obtained in welding 
molybdenum of 99.9% purity and calls attention to the necessity 
of the proper welding precautions. The pseudowelds obtained 
in molybdenum with common welding processes are quite brittle: 
reasons for this are advanced. 


INTRODUCTION 


plein recently, the proluction of high-purity, low- 
cost, ductile molybdenum by common extractive 
metallurgical methods was defeated by the high 
melting point of the metal and by its high affinity 
for oxygen at elevated temperatures. The development 
of the vacuum are method, in 1946,' using pressed and 
sintered powdered molybdenum electredes, made pos- 
sible the production of fairly large sheets and shapes. 
It was inevitable, with sheet available, that a demand 
for fabricated articles should soon follow. The elec- 
tronie-tube industry” has pioneered in the field of pro- 
duction and fabrication, but there is little in the litera- 
ture to provide assistance to those in the welding indus- 
try confronted for the first time with the necessity of 
welding sheet molybdenum. 
The authors were requested to fabricate crucibles 3 
x Lin. [.D. from 0.030-in. sheet, to contain molten salts 
at 1800° C. in vacuum. The sheet was sheared to the 
required part sizes and in shearing it was noted that in 
many cases the sheared edges cracked parallel to the 
surfaces in a manner very reminiscent of laminated 
sheet steel. Fabrication continued by bending to the 
required form, followed by gas, atomic hydrogen or 
inert-gas are welding. In at least some cases, attempts 
to bend the sheet to form the cylindrical body of the 
Physical Metallurgs’ Reeratch Laborstorice, Division ‘of Mineral. 
and Metallurgy. Bureau of Mines, Ottawa, Canada 


published by permission of the Director, Mines, Forests and 
ces Branch, Department of Mines and Resource Ottawa 
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fig. 1 Sheet Material Partially Bent to Form Crucible 
arrel 


_ The 45 crack occurred first and spread in a ragged manner. Actual 
sine 
crucible resulted in cracks running at an approximate 
angle of 45° to the direction of rolling. Where bending 
was successfully accomplished, the welds in every case 
were extremely brittle; in many cases they exhibited 
cracks at an angle of 45° to the direction of bending. 
It was deemed desirable to subject the material to a 
thorough metallurgical examination to determine the 
cause of the difficulties encountered in crucible fabrica- 
tion. The results of this investigation are reported 
herein. 


PROCEDURE 


1. A sample of sheet which eracked in bending was 
photographed (see Fig. 1). 

2. Samples from this piece, longitudinal and trans- 
verse to the direction of rolling, were mounted, polished, 
etched and examined under a microscope. Figures 2 
and 3 show the longitudinal and transverse microstrue- 
tures, respectively. 

3. A sample transverse to a sheared edge was 
mounted, polished and etched. Figure 4 shows the de- 
fect at the sheared edge. 

4. Hardness tests were made on as-received ma- 
terial, using a Vickers machine and a 10-kz. load. An 
average of seven impressions Was 274 V.PLN. 

5. The as-received sheet, ptirchased to 99.9°7 purity 
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Fig.2 Longitudinal Microstructure of Molybdenum Sheet 


Etched in 10-gm. ferric chloride, 30 cc. concentrated HC! and 120 ce. 
HO. 500 ~ 


was subjected to a spectrographie analysis, with the 
following results: traces of Fe, Cr, Sn, Bi and Si. 

6. The butt welds, used to join the edges of the 
barrel of the crucibles, were attempted with oxyacety- 
lene, atomic hydrogen and inert-gas are welding. In 
each case, a sheared strip of the as-received material 


was used as a filler rod. In an attempt to provide pro-" 


tection from atmospheric oxygen, the material was 
lightly jigged and placed in the bottom of an open- 
mouthed vessel. Argon under 5 lb. pressure, flowing at 
arate of 7 litres per minute, was led into the vessel and an 


Fig. 3) Transverse Microstructure of Molybdenum Sheet 


Same etchant as in Fig. 2. 500 x 
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Fig. 4 Fracture Typical of Sheared Edges Giving Lamina- 
ted Appearance 


Same etchant asin Fig. 2. 100 x 


asbestos cover Was placed over the open end. The cover 
had a hole cut to the shape of the weld area so that all 
escaping argon, after the initial air had been displaced, 
exhausted to the atmosphere through the weld area. 

As reported above, all the welds so obtained were 
brittle; many cracked, the cracks extending out into 
the parent metal (see Fig. 5). Transverse samples 
through two cracked welds (atomic hydrogen and inert- 
gas are welded) were mounted, polished and examined 
under the microscope. Figure 6 shows the macrostruc- 
ture characteristic of all welds produced. Figure 7 
shows the microstructure typical of all welds. 


DISCUSSION 


The sensitivity of molybdenum sheet to cracking at 
an angle of 45° to the direction of rolling is typical of 
material that has been cross-rolled.* X-ray diffraction 
patterns have shown that cross-rolling orients the crys- 
tals approximately to the completely preferred state, 
that is, such that the (100) planes lie at right angles to 


Fig. 5 Typical 435° Crack Beginning in a Brittle Weld 


Note irregular path of crack after initial 45° crack occurred. Natural 
size 
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Fig. 6 Macrophotograph of Typical Inert-Gas Arc Weld 


——~ a me recrystallized metal; extreme right, weld metal. The center area is heat-affected zone, in which no grain boundaries could be de- 
t x 


the sheet surface and 45° to the direction of rolling. 
Since these planes are the cleavage planes in molybde- 
num this fact seems to account for the 45° brittleness. 
That the material used in the experiments reported 
herein has been cross-rolled is shown by Figs. 2 and 3, 
and therefore its tendency to cracking is not surprising 

The laminated appearance of the sheet edges after 
shearing has been found to be due to cracking parallel 
to the sheet surfaces. The cause for this cracking is not 
definitely known but it is believed to be due to the low 
ductility of the material. The initial cutting action of 
the shearing blade proceeds without difficulty but the 
cracking was observed when shearing occurred. Fur- 
ther evidence of low ductility in all directions to rolling 
was observed when attempts were made to both cold 
spin and hot spin (1500° F.) the required retorts. The 
attempts at cold spinning resulted in fracture of the 


Fig.7 Typical Structure of Weld Metal 


Note nonmetallic film in grain boundaries and similar material 
within the grains. The mauve coloration under white light is sugges- 


tive of Moth. Etched asin Fig. 2. 1000 « 
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material after a deflection in the order of 4-6mm. The 
hot-spinning attempt ended in material rupture after 
bending to approximately 45°. It will be noted from 
Fig. 8 that uniform deflection was not obtained in hot 
spinning, the material folding into five pleats. Such 
low ductility is widely different from some of the pub- 
lished data.* 

Microscopie examination of cracked welds revealed 
some peculiarities not encountered in the commoner 
metals. As shown in Fiz. 6, there is no trace of grain 
boundaries in what might be referred to as the heat- 
affected zones of the welds. Examination of this area 
up to a magnification of K 1000 failed to reveal grain 
boundaries. The area just beyond this shows a normal 
equiaxed grain common to metals heated above their 
recrystallization temperatures. For this particular 
molybdenum sheet the grain growth germination tem- 
perature must have a critical (lower) limit, since its end 
is marked by a sharp line. Above this temperature, 
grain growth has proceeded to what is apparently one 
grain in the area between the weld metal and the re- 
crystallized metal. 

The cause of cracked and brittle welds is evident from 
Fig. 7. In every case the large weld grains are totally 
enclosed in an envelope of an unknown constituent. 


Fig. 8 Hot and Cold Spinning Tests 
Left: Cold spinning test. Material fractured badly after bending 


t-6 mm. Right: Hot spinningtest. Material fractured after bending 
45. Note folding rather than uniform deflection. 40% actual size 
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This intergranular phase appears to be nonmetallic and 
is believed to be an oxide of molybdenum. Apparently 
the phase is rejected to the crystal boundaries and there 
concentrates during solidification. It is reported! that 
differences in oxygen content between workable and 
unworkable molybdenum are in the order of 0.0025 
vet when this small amount appears at grain boundaries 
in the form of oxide the metal is rendered brittle. 

Unfortunately, the production process and the rolling 
procedure employed on the material used in’ these 
experiments are unknown. The low ductility of the 
as-received material has been commented upon above. 
Low ductility may result from small amounts of oxygen 
or, as stated by Marden and Wroughton,! from im- 
proper rolling procedures. A thorough examination of 
the as-received material failed to reveal any trace of an 
intergranular phase. While this cannot be construed 
as complete evidence of the absence of an embrittling 
umount of oxvgen, it does give some basis for belief 
that the intergranular phase appears as a result of weld- 
ing. 

The source of the oxvgen which causes brittleness in 
welds made by the oxvacetylene and atomic hydrogen 
processes probably lies in the produets of combustion 
of the gases together with atmospheric oxygen drawn 
into the welding area by turbulent gas conditions during 
welding. In the inert-gas arc-welding processes, small 
traces of water vapor, or hydrocarbons together with 
atmospheric oxygen, may be the oxygen source. In any 
event, these experiments show that if pseudowelds are 
to be avoided, gas shielding must be given very care- 
ful consideration. It is, then, apparent that molybde- 
num sheet of this thickness cannot be welded by the 


processes used in these experiments unless virtually 
complete protection from atmospheric oxygen is pro- 
vided. Such complete protection is both difficult to 
obtain and expensive and points to the desirability of 
such welding processes as resistance spot welding. The 
rapid thermal cycle and high electrode pressures of 
resistance welding would both tend to reduce oxygen 
enrichment of the molybdenum. 

It is unfortunate that there is no known heat treat- 
ment that could be used to restore ductility to brittle 
welds. A survey of the literature reveals that only re- 
melting, deoxidation, casting and working would be 
effective. This is to be expected from the nonmetallic 
nature of the intergranular phase causing weld em- 
brittlement. 

Working and heat treatment impart high tensile 
strength and good ductility to the metal, which in- 
herently is moderately hard and brittle. Reerystalliza- 
tion temperatures of molybdenum depend upon the 
amount of working, and therfore annealing practices 
vary with the procedures used. For this reason, neither 
preheating before welding, nor stress relief or annealing 
after welding, can be recommended. Molybdenum 
articles fabricated from sheet stock should be designed 
with generous safety factors to compensate for the 
uncertainties associated with their manufacture 
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HE Welding Research Council, since its very incep- 
tion, has appreciated the value and importance of 


Care 


fundamental research which has for its concept 

the understanding of certain phenomena 
takes place. In organizing its projects and Project 
Committees which guide the work, the Council has al- 
wavs sought to include a reasonable representation from 
the scientifie group. On the other hand, Project Com- 
mittees are generally under considerable pressure to 
produce results, which can be used by engineers or by 
code-making bodies or procedure committees, within 
the shortest possible space of time. In other words, 
these committees seek the quickest answer of how to do 
acertain job, and are not too concerned with the “why.’ 
Unfortunately, however, this method of operation does 
not always vield optimum conditions nor is it always 
possible to utilize the results beyond the range of experi- 


mentation unless some additional tests are made. In 
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ellowships 


n measure, a great deal of the work of the Project 
Committees can be looked upon as an engineering type 
of research. 

The type of work referred to above and also that 
carried out by most of our industrial laboratories utilizes 
as raw material the scientific facts and basic informa- 
tion developed by other experimenters, perhaps for 
totally different purposes. This has indicated to the 
Council on many occasions the need for developing 
new information in the underlying sciences related to 
welding which can be later used by the Project Com- 
mittees and by industrial research laboratories 

Probably one of the most successful method of 
conducting research is to form a hypothesis or a skeleton 
theory of certain phenomena in connection with the 
field of operation. Research work is then planned to 
either prove or disprove the hypothesis, or more likely, 
to bring about necessary modifications and extensions 
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in the hypothesis This type of research requires a 
careful groping of the way rather than the carrying out 
of fixed programs laid out in advance. 

This type of research necessitates a careful knowledge 
of what has been done in the past. Recognizing the 
needs for this type of information, the first five or six 
years of the Council operations were devoted very 
largely to reviewing the world’s literature on welding 
research and closely allied fields, and condensing such 
information so that it could be utilized by research men 
and engineers. No attempt was made in these reviews 
to form hypotheses or skeleton theories. The Council 
is planning to resume this literature work but it hopes 
to go somewhat further in critically analyzing the re- 
sults, than was possible in the earlier literature reviews. 

In order to stimulate the more fundamental type of 
research, the Council organized a University Research 
Committee to foster and expedite research of this type 
in the universities without the immediate objective of 
utilitarian results. Unfortunately, it was not possible 
to make available any large sums of money for this pur- 
pose so that the only help that could be rendered to the 
University Committee was provision once a year for a 
conference and occasionally small grants-in-aid to 
selected universities for specifie pieces of research. 
To extend this type of endeavor and to administer the 
work in a more businesslike fashion, the Welding Re- 
search Council has decided to create four Fellowships, 


each involving a total expenditure of $3500, to be known 
in the name of the sponsor company. In other words, 
if a company contributed the $3500 for a Fellowship, it 
would be known in the name of that company. The 
work would be handled by the University Research 
Committee who will create a special Fellowship Board 
to be composed of nine people, including five out- 
standing scientists and one representative each from the 
sponsor companies. Careful rules and regulations will 
be promulgated to assure the selection of the highest 
type of Fellows and the necessary scientific guidance by 
appropriate members of the faculty of the university 
concerned. Suggested problems are being compiled to 
serve as a guide to the type of problems which the 
Fellowship Board would consider favorably. These 
typical problems are not meant, however, to be restric- 
tive, as the exact problem would depend upon the inter- 
est of the Fellow and the guiding professor in the uni- 
versity. 

In order to permit the staff and the officers of the 
Council to devote the necessary time to the guidance 
of this new project, the number of Fellowships has been 
limited to four. Several companies have already in- 
dicated interest in this plan and it is hoped that the 
project can be launched very shortly. Anyone having 
an interest in these proposals should communicate with 
the Director of the Welding Research Council, 29 W 
39th St., New York 18, N. Y. 
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In order to render a new type of service to the Re- 
search Workers and Subscribers of the Welding Re- 
search Council, a new publication has been launched 
under the title Welding Research News. This publica- 
tion will be issued bi-monthly. Each issue summarizes 
the research progress made during a two-month period, 
in terms which will attraet the attention of both the 
research worker and the executive engineer. 

In this way Subscribers will obtain a high-spot bi- 
monthly review of currently completed researches. 
The first News Letter was issued in January 1949 and 
covered a bi-monthly period starting with January 
1948. In order to bring these reviews to date, the 
News Letter will be issued monthly for the time being. 
Four issues have already been distributed and have 
attracted widespread attention. Its publication is in 
addition to the regular publications of the Council 
which, among other things, include the following: 
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1. A monthly Welding Research Supplement which 
contains the completed reports of the Council projects 
and those of affiliated organizations and companies 
cooperating in specific portions of the program. 

2. A monthly mimeographed Progress Reports Series 
which gives progress on researches under way, but not 
vet completed. This series also includes translation~ 
of important foreign articles, proposed programs ot 
research, and items of general interest to the Subseriber- 
and Research Workers of the Council. 

3. A Bulletin Series. This, too, is a new publication 
series of the Council which includes reprints of impor- 
tant papers presented before other Societies than the 
AMERICAN WELDING Society. Three Bulletins have 
been issued and two additional ones are in progress 

Anyone interested in any of these publications should 
communicate with the Director of the Welding Research 
Council, 29 W. 39th St., New York 18, N. Y. 
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Arc welding by the inert-gas-shielded 
method using Everdur 1010 Rod. Dished 
Everdur 1010 head is being joined to 
storage heater shell made of welded 
Everdur 1010 hot rolled-and-annealed 
tank plate. / 


IF YOU WANT WELDED, CORROSION RESISTING EQUIPMENT 


N ADDITION to rust immunity, high corro- 
} ae resistance and high strength, Everdur 
Copper-Silicon Alloys have unique fabricat- 
ing advantages. Everdur 1010 is readily 
welded with Everdur 1010 Rod by oxy-acety- 
lene and carbon arc methods, and also inert- 
gas-shielded arc welding. 

Everdur 1010 is supplied in practically all 
commercial forms, and one of its widest uses 
is for welded pressure vessels and other stor- 
age and processing equipment. 

Everdur 1015 is furnished for severe cold 
working fabrication and has about the same 


welding characteristics as 1010. 


Everdur 1000, furnished only in ingots for 


re-melting, has good welding properties. 
For any equipment made of strong, cor- 
rosion resisting metal, investigate Everdur 
Metal—a group of remarkably workable cop- 
per-silicon alloys. Anaconda Publication E-5 


gives physical properties and applications. 


Pat 4s 


ANaconnA 


COPPER-SILICON ALLOYS 
THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: ANACONDA AMERICAN Brass LTD 
New Toronto, Ont 
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Steel warehouse finds 
machine gas cutting helps 


special less cost 


BRACE-MUELLER-HUNTLEY INC.. steel dis- 


triburors in Syracuse, N. Y., noted a growing num- 


ber of requests for special shapes from customers “4 
and decided it should equip itself to handle these 
cutting jobs. The result would be faster service to 


its customers and greater profits 


William Burkhardt, Airco Repre- tomers requiring intricate as well TECHNICAL SALES SERVICE — ANOTHER 
é AIRCO PLUS-VALUE FOR CUSTOMERS 


sentative, was called in and he rec- ordinary shapes. Vo af 


ommended machine gas cutting The executives of Brace-Mueller- 


é 


with an Airco No. 6B Oxygraph — Huntley, Inc., stated that the Oxy- 


equipped with a four torch setup — graph with the electronic tracing 


and an electronic tracing device. device enabled them to make addi- 
The apparatus was quickly in- tional profits and also to handle a 
stalled and put into operation. — wide variety of cutting jobs quickly 


and easily. 


One-day service was offered to cus- 


AIR REDUCTION 


Offices in Principal Cities 


... Carbide. ..Gas Welding and Cutting Machines, Apparatus and Supplies...Arc Welders, Electrodes and Accessories 


Headquarters for Oxygen, Acetylene and other Gases 


Ne 
= | 2 
S 
ipplical aceti lene 
At ee flame or electric arc, Atr Reduction has 
f sts nettonutde Technical Sales Division 
, knouledge of these specialists has helped 
pre es and products, Ask about thi 
4 firco “Plus-Value” service today. Writ 
ur nearest Airco office. (In Texas: Mag : 
3 lia Airco Gas Products Compas 
7 On West Coast: Air Reduction Pacifi 


